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1.
PINE DISEASE IN SHEEP ON THE CHEVIOTS.

1. THE NATURE OF THE INVESTIGATION.

In certain parts of the Cheviot Hills on
both the Scottish and BEnglish sides of the Border,
there exists a disease among sheep, known as Piné,
or Pining, which is a source of considerable loss to
flockmasters. A large area of hill land in Rox-
burghshire is affected with the disease, and also a
considerable acreage of arable land. As a result
of a survey of the problem, it has been found that
the chief area ;nvolved amounts approximately to 80
square miles, while the sheep stock totals 40,000

sheep.
#hile the disease is not confined to any one

geological formation, it has by far the greatest
incidence on solls arising from certain of the
Andeslte rocks., Phis applies to the Scottish side
of the Cheviots. The occurrence of Pining on the
English side lies outwith the scope of this enquiry.
On the Scottish Borders there are two main
formations which go to form the Cheviot Hills. In
the eastern portion there occurs a wide belt of
Andeslte rocks of 0ld Red Sandstone Age, stretching
approximately from Yetholm to Carter Bar and forming
what is generally called the Rast Borders. To the
west of Carter Bar the rocks chiefly belong to the'l
Carboniferous formation. Pining is found in its

most acubte and widespread form in the BEast Borders
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on the Andesite, inelnding part of the Parishes of
Grailing,-ﬁekfori, Hounarm, Jedburgh, Yorebattle,
Oxnam, and Yetholr, 2ll in Roxburghshire. e
investigations which form the subject of this thesis
have principally been conductei in fbis reg;on.

fhe Cheviot Hills and the numerous valleys
and tracts of pasture in the vicinity appear to be
well adapted for sheep. The hills rise to a
moderate heisht, seldom excaeding 1600 feet, and are
usually covered with green grass te their summits.
fhis grass forms e dense bturf of fine-leaved herbage
covering wide stretches on every hill farrm, and
giving the btype of herbdage on which sheep in the
ordiinary way are generslly consijered to deo well.
The e¢limate of the ares is emongst the Ariest and
most favourable for the sheep enterprise in Scotland.
Nevertheless, a very large tract of this lsnd 1s so
unhealthy for sheep that, according to the testimony
of farmers, the greater proportion of hill stocks
would die out within two years if allowed to remain
on the same ground mithout a change of pasturage.

The disense has a comparatively sudiden onset.
Sheep which have apparently been in good heanlth mav
andienly receive a check and within a few days
exhiblt various signs of debllity and malnutrition.
Mere may oe an abundsnce of fresh leafy herbdage
brought on by genial weather in 2arly summer; never=-

theless, affected anirals ultimasely necome as lesn



as skeletons in this adundant pasturage, snd unless
removed from the ground, they get so weak that they
are ultimately unabdle o rise. f'he only method in
the past of odviating the troudle has been to arrange
regular changing of the flock once or twice a vear
whieh scts as a preventive. This svsterm involves
much expense and ;nconVGnience andi d4oes not always
prove ef'fective. Owing to the extensive area in
which 1t ls prevalent and the large number of sheep
involved, the disease of Pine constitutes a probdlem
of the first importance Lo sheep farmers in affected
districts.

3efore the experiwments detailed in this
thesls were bdegun, the cause of the disease had never
been definitely estanlished, Farmers  believed it
had some connectlon with the soil or herbage, but no
organised investigation had been c¢onducted Lo throw
light on the prooler. No method of combating the
trouble had deen evolved apart from the time-honourei
aystem of changing the flock as a policy of preven-
tion, or of sending away animals for a change once
they had become affecled. As a result of the
present researches, however, the asctual cause of the
Jisecase has been elucidated, and the problerms of
prevention and cure in actual practice have to a
large extent heen solved.

In 1932, a request for assistance was recelv-

el by the writer from a sheep-farmer in the affected
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area; and an experiment was carried out on his farm.
Bnquiries were made among neighbouring farmers and a
Memorandum on the subject was prepared by the writer
giving a preliminary survey of the problem. An
article by VacGowan and Smith which had appeared in
the Scottish JTournal of Agricuitura for July 1922
proved of value. Following upon this VMemorandum,
the Authorities of the Edinburgh and East of Scotland
College of Agriculture resolved in 1934 that an
enquiry be instituted into the whole question, and
the Anims)l Diseases Research Association, Edinourgh,
kindly collaborated in certain aspects of the work
during 1934 and 1935.

T'he writer has.been actively engaged in
investigating the disease since 1933, énd the whole
of the experiments in the Chevliot Area described in -
this thesis were carried out by hims In addition,
an examination has been made by him of the Geology
and Solils of the region, and alse of certain features
of the 3Botany of hill vastures. A survey of the
district has been made as a result of visits to all
farms in the East Borders, and a map has been nrepgrad
outlining the affected area. The results of ﬁhis
work have been embodied in the thesis.

lhe writer wishes to acknowledge the kind
help recelved from Professor Shearer in giving
facillities for the work, and also to Dr. A. Lauder

for his advice and asslstance. Special



thanks are due to the many farmers and shepheris who
carried out the experiments and particulsrly to Vr.

Andrew Taylor, Midileslmowes, Jedburgh.

2. HISTORICAI REFERENCES TO PINE.

he disease has been present in the Cheviot
area for generations and has been described by
various writers in agricultural journals juvring the
past hundred years or so. Barlier than this there
‘are no records of its occurrence in the 3orders. No
mention of it is to be found in the 014 Statistical
Account of Scotland (1) in any of iks Volumes
relating to the SBorders. These were published in
the years 1791=98 and describe many of the cormon
diseuses of sheep andi cattle which prevailed in
Border Parishes at that time. As the dlisease occurs
nowadays on a widespread scale in seven Parishes in
foxburghshire and on wany farms in neighbouring
countles, it could herdly have escaped mention if it
were actually prevalenlt to any extent at that period.
’his view is supported by the fact that no sllusion
to it 1s revealed in the book describing the Agric-
ulture of Hoxburchshire and Selkirkshire written by
R. Douglas in 1798 (2), or in the Account of the
Agriculture of Pseblesshire, published in 1802 (#).

It is nobt mentioned azs occurring in the
Borders in "The Shepherds' Guide"” published by James

Hogg, the Ettrick Shepherd, in 1807 (4), though Hogg
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records its existence clsewhere. This is of special
interest bDecause James Hogg was a shepherd at 3lack-
house in Selklrkshire from 1790 to 1800. fhe Craig-
hope hirsel on 3lackhouse 1ls, at the present tire,
much affected with Pining, the writer having superviss
ed the treatrent there of Pining sheep in 1936.

there eould have been no Pine in Hogg's day. other-
wise he would have been only too familiar with it at
the time he wrote his book.

In 1822, Napler issued an exhaustive treatise
on Border Sheep farming, (5) but here agaln there
is nothing bo indicate the prevalence of Pine. tere
it indeed present to any extent in the Bbrders it
c¢ould hardly have been omitted >y one or other of
these writers.

Apart from the Borders, the earliest refer-
en¢e to Pine in eny part of Scotland that the writer
has been able to discover is contained in "The
Shepherds' Guide" 1867 (4) already referred to.

In this book Hoggz etates in regardi to the condition
that "it 1is confined mostly to 4istricts in the West
of Scotland, where the land is very coarse. It is
distinguished in 4ifferent Shires by the three
following names, Pining, Daising, and vinkish."

In the same article he mentions that it was present
in a severe form on some farms in Galloway. At that
time apparently there was no appearance of the

iisease in the Chevliots, otherwise 1t is likely that
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Hoge would have known of 1t, as his writings show
that he was a particularly keen student of the
various maladies of sheep and thelr distribution in
Scotland. Information relatlng to the farming
experiences of Hogg, and the districts in which he
resided, have kinily been supplied 50 the writer by
‘¥r. e Laldlaw, Syart, Yarrow, Selkirk, the descend-
ant of a relative of James Hogg, and possessed of
very full details of his life.

'he firat allusion to Pine in the Borders 1s
contained in an article by Hogg in the "Quarterly
Journal of Agriculture" vol, 11, 1831 (8). He
writes "The most destructive and ruinous disease
among sheep at this time over all the south of
Scotland is that called Pining., ¥ell may I de-
scribe it, for in the course of the last nine years
I have lost upwards of 900 sheep by 1t§ ravages.

It is culte a new discase on the Borders for I was
swenty years a shepherd and never saw an instance
that 1 can rememoer of with certainty, nor 4id I
ever hear 1ts name, save from Galloway where it 1is
called "The Vinguish" and where it has been pre-
valent for ages. It was likewlise known long ago
in some of the dAistricts of the middle Highlands".
The Eiltor of the Journal, Professor David Low, in
an article in the same issue (7) states "The
principal districts in which the disease is found

Lo prevail are the green pastures of the Cheviot
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mountains, the chain of hills running through the
south~-west parts of Roxourghshire, the pastoral
dlstricss of Selkirk and Peebles Shires, and some
other dlstriets of Scotland, as Galloway." The
above quotatbions ani other interesting detalls from
Hogz's article are embodied in an article oy
VacGowan and Smith (8) referred to earlier.

It may be concluded from these extracts that
Pining was known in a severe form in the Boriers in
the early part of the ninetesnth cenbury. ) 1 i
present before that time, it was either of too milad
a character to be recordel by oontemporarylwriters,
or was not recosnised by farmers as a definite
disease in the classification of raladies of stock

then durrent.
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3.CHANGES IN SHEEP FARMING WHICH GAVE RISE TO PINING

IN PHE NINETHENTH CENTURY.

It may be that the appearance of Pining on
a consideradle scale in the 3orders in the nineteenth
century was partly brought aboﬁt by changes in gheen
farming which were then in progress. The effect of
such changes caerriedl out perhaps some years before
might concelivebly proiuce affects upon the stock
which ﬁould render them Eore susceptible to this
particular disesse. 48 will be shown later in this
thesls, the cause of Pining has been established as
é form of mineral deficiency and its occurrence is
intimately connected with many aspects of sheep
husbandry. he guestion may be askéd'- Fere there
alterations in methods of management of sheep stocks,
or of the zrazlng lands, or changes in the odreeding
of the sheep themselves, which would account for ibs
appearance? It may be of interest Lo considjer some
of the developments which are known to have ﬁaken
place ab that perlod and their probable bearing on
this guestion.

About the tlre of the ﬁapoleonic “ars there
was a period of unexarplel prosperity in farming.
Imports of commodities were much restricted, and the
prices of produce of every description were conse~
auently at unusually high levals. ¥ool shared 1ﬁ

the vpward trend owing to demand from the textile
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industry then rapidly developing. ¥r. John %ilson,
Edington Vains, 3erwickshire, a contributor to a
Report iassued by the Highland and Agricultural
Society of 3c6otland (9) states "The agricultural
progress of Scotland during these twenty yeurs (1795~
1814) is probably unparallaled'in the history of any
other country. As one proof of this, the rental of
her land, which in 1796 amountedi to two millions of
pounds sterling, had in 1815 risen to five and a
guarter millions - that is, had well-nlgh trebled in
twenty vears".

Mhis was the period during which an extention
in sheep farming took place all over Scotland and in
which Cheviob sheep from the Borders were in demand
for stocking large tracts in the Northern Highlands
through the pioneer work of Sir John Sinclair, the
founder of the British Yool Society. Sir John first
introduced Cheviot sheep into the Worth in 1792.
¥eCallum (10) guotes fror the report of Andrew Kerr,
who surveyed the North of Scotland on behalf of that
Society that "a fine woolled sheep called the "lLong
Hill Sheep" of the Rast 3order"” might thrive in parts
of that region, a report which was ac¢ted upon most

Increased Stocking with Sheep.

Under the prevailing conditlons of the period

it is ressonable to suppose thaf sheep stocks in the
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3orders would tendi to increase, as there would Dde
every inducerent to obtain the maximum benefit from
the high prices. As the natural result of heavier
stocking of hill farms is to lncrease the suscept-
ipbility to disease, it is possible that this may
have veen a conbtributory factor to the increased
incidence of Pining. Yost farmers in the area to-
day agree that Pining would be reiuced were the
grazings lishter stocked. It 1s true that certain
farmers take the opposite view, as ¥acGowan and
Smith point out, the idea DbDeing that the sheep spread
themselves oetter over the grazing and so obtain
greater benefit from the varying solil and herbage.
#hile increasedl stocking right be beneficial at the
outset, there 1s little doudbt that 1t would bve
detrimental in the long run. Farmers in those

days had scanty facilitles for providing supplerment-
ary feeding in winter for increased stoclks in times
of stress. triters of the periéd invariably refer
tEo the 4ifficulties of wintering, and it is well-
known that stock in a debilitated condition in spring
are more disposed 50 exhibit symptoms of Pining than

those which have besn well wintered.

Grazing‘ﬁixed Lzes of Sheep.

That there was some change responsible for
the onset of the malady must have been present in

the mind of the Riitor of the Quarterly Journal of
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Agriculbure, 1831 (7) already referrei to. He
states that Pining was unknown under the old system
of pasturing the milk ewes by themselves, separate
from elld sheep such as hoggs and wethers. The old
syster is referred to by Doupglas (2) as follows,
"ioough flocks may sometimes range promiscuously in
winter, yet in early spring they are separatei into
different parcels (provincially hirsels) of hoggs,
gimmers, wethers, snd ewes, each of which, under a
Afferent shepherd, 1s kept on a different part of
the farm". Cully (11) elso refers to this method
of management. then, however, the practice was
adopted of allowing all ages of aheep to graze
together indiscriminately, the Eilitor asserts that
Pining made its appearance.

fhere is reliable evidence to-day to show
that such a change would indeel be conducive to
Pining on East Border farms. It is found, for
example, on most of these farms that hoggs 40 not
thrive properly if occupying the same ground as ewes.
In Tact, on several farms it is impossible to rear a
suitable class of hoggs and keep them free of Pine
unless they have their own grazing grounds. The
universal practice in the distriet at the present
day 18 to run the sheep in separate ages. This is
found essential for the health and well-doing of the
flock. It 1s reasonable to conclude, therefore,

that the indiscriminate grazing referrei to would
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tend to favour the disease, particularly in the
younger ages of sheep.

The same wrlber refers Lo another point of
difference in the systems under discussion. It was
customary under the o0ld practice to wean the lamis
in July end Augnst and to milk the ewes for eight or
ten weelts thereafter. When this was superseded by
the later custom of indiscrirminate grazing, the lambs
remained unweaned untll they weaned themselves which
was generally not until December. To the modern
view both these practices seecm unduly exacting on
hill ewes. Both would be llkely to oring about Pine
on a wholesale s8¢ale in the affected area at the
present day. The fach that under the hand-milking
system, however, the ewes would be driven over the
grouni t0 a greater extent would be to the advantage
of that system. It is regerded as a fundamental
principle on pininpg farms thet to keep the sheep
moving helps to promote bedily funetions, and that
to leave the sheep 1In a more or less undisturbed

state 1s likely to favour Pining.

Enclosure of arms.

A development of importance which went on at
that time in the Hast Borders was the enclosure of
hill farms. .ﬁany 6f these were ring-fenced by means
of astone dykes, thus restricting the grazing of sheep

within more definite limits, e sheep defore this
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period would have access to a wider ranme of ground
and, in the opinion of farmers who have been consult-
ed on the sublect, the enclosing process would, in
the case of certaln farms, De detrimental Lo the
stock.

On the other hand, there are farms which
were never fenced until the coming of wire fencing
towards the widdle of the nineteenth century and
which are known to have been affected with Pine long
nefore that. Enclosure in such 1n$tanaas made
little difference because the adjoining ground was

Pining in any case.

Light Stocking with Cattle.

#hether there were ever 1arge'§bocka of
catble grazing on the Cheviot Hills is 4ifficult to
ascertain. %e know that other hill districts in
Scotland carried large numbers of cattle before the
zreat boom in sheep. Probably this 4did not apply to
the same extent to the Cheviots, and it 1ls not claim-
ed thét 2 merked change necessarily occurred in this
direction there. It la certain, however, that from
the clbse ef the eighteenth century onwards the area
wes almost entirely glven over to sheep and thet in
the Hast Borders the hill farms werec more heavlly
stoczed with sheep then probabdly any other district
in 3cotland,

Douglas (2) in describing the rate of stock-
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ing aoout the year 1792 says. "It sears to be ad-
ricted that an acre will nearly maintain a sheep to
the south of Jedwater, but that to the north of it
about 1# of an acre will be reguisice, and that in a
grealt part of Liddesdale a sheep will esat almost the
whole producs of two scres'. ‘The area south of
Jedwater exactly comprises the East Borders. It is
evident, therefore, that in those days the rate of
stocking was unusually high. It may be mentioned
that at the present time i% 1s custorary for farmers
in the district to reckon on a sirllar carrying
capacity, namely, one'sheep per acre. In practice,
howewver,; the numbers usually f2ll slightly below
this figure as the sheep are found to do betser when
not so thick on the ground.

Frow Gir John Sinclair we get reliable
inforration to show that the stocking at that time
was almost entirely shesap. ¥riging in 1814, 8ir
John (12) stetes :~ "At the present time there are
few cattle kept on the Cheviot Hills, and with the
ex¢eption of a very small number of cows and horses
for the use of the farmers and thelr herds, and a
few patches of aradle land on some farms, She whole
district is occupled by sheep®. fhis definitely
shows the prepondecrance of sheep; which, as we have
previously learnt, were present in very large
nurbers. %hether this was a new phase cannot well

oe ascertained without special enguiry.
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The absence of a reasonable stock of cattle
is well-known at the present day to favour pining in
some districta. The sheep are more inclinei to
concentrate on the shallower ground where the herbage
is finer and shorter, but which more readily givea
rise to the dlsease, as will bé referred to later.
The presence of cattle, on the other hand, helps to
keep down the rougher portions and to make a wider

range of ground avalilable to sheep.

Changes in the Type of Sheep.

Not the least important development of the
period was the effort made te improve the type of
gsheep in hill districts. The elghteenth century
had seen revolutionary changes in arable farming by
the introduction of the turnip c¢rop, improved methods
of soll cultivation, and the feeding of farm stock.
Farmérs and landowners were everywhere exploring new
methods in the management and utilisation of the land.
This condition of affairs spread to hill farming.

The native breeds or races of sheep which were in
occupation were no longer regarded as fulfilling the
demands of the time, and large-scale experiments were
oegun bn this subject in the Borders and elsewhere.

From time immemorial a race of sheep had been
in existence on the Cheviot Hills, though what thelr
origin was is 4ifficult to ascertaln., Vatson and More

(13) state "Phe Cheviot is regarded as derived from
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the ancient Celtic tan-faced breed, and would thus

be related to the old soft-wooled sheep of the
testern Highlands and Hebrides. It has existed on
the hills of Southern Scotland frorm very early times,
though formerly the breed was much smaller and
probably finer-wooled than nowat

As to the name of this breed, in the first
volume of the Cheviot Flock 3ook (14) it is stated
that they "are mentioned in a writing as far back ns
1470 as the sheep of the Cheviot Hills called the
“long" sheep". This was evidently the term applied
to them in contrast to the Blackface type of sheep
which was known as the "short" sheep. A1l writers
on the subject stete that a distinctlve race of
“long" sheep inhabited the dlstrict around "The
Cheviot"™ 1lying just veyond the Scostish Border.

This is the reglon which nowadays is most affected
with Pining. Other parts of the 3orders wers rainly
devoted to the "shori" sheep, these belng better
adapted to rougher grazings with plenty of heather.

The term "Cheviot" was not given to the breed
until the late elghteenth century, when 1t was first
used oy Sir John Sinclair.

As to the characteristics or the appearance
of thlis race of sheep before 1mprovements were intro-
duced, there is no reliable recofd. That they were
well adapted to the district is beyond doubt, other-

wise they would not have maintained their dlstinctive
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hold. 3arber (15) refers to old records and quobes
as follows, "large tracts of the Cheviot Hills are
described as covered with a small bdHut very hardy race
of sheep". Having been brei for generations without
undue selection for economic purposes as we know it
to-day, such a race would be wéll suited to the area
by natural vigour and hardihood. They were a
comparatively small, light-Tramed breed and wade no
exacting demands upon suvsistence. It is also
conceivadle that they were to a large exbtent resist-
ant to Pining. Native races of sheocp are well-~
known to withstand rigours of climate and poverty of
fare which improved breeds are unable to tolerate.
Fhat they would thrive on the sweet grassy pastures
of the Hast Borders where conditions are extremely
favourable and where they would only be called upon
to endure a slight nutritional defect is highly
probable.

Native Sheep on Pining Land. -

In support of the view that the original
sheep of the 3orders at some former period were more
or less immune to Pining, an example may be quoted
from a district in Scotland where, at the present
day, sheep are bred and reared on Pining land with-
out succumbing to the disease, although there are
occasional deaths from this causec. These are the

native sheep of Worth Ronaldshay in the Orkney
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Islands. The writer has visited this Island on
several occasions. Approximately 2,000 native sheep
are kept on the beach and foreshore of the Island,
the whole of the Island being walled round for eleven
miles to keep them off the farm lands. They subsist
entirely on seaweedl and the scunty herbage growing on
the links. Sheep other than ewes are never allowed
off the beaches. The ewes gain access to grass on
the Ialand only when rearing lambs. The 1lihks are
largely composed of shell-sand, samples of the sand
taken by the writer from three deposits showing an
averagze content of 74% of Carbonate of Limq. This
sand heavily impfagnates all the land in the vicinity.

Iin all other districts in Orkuney where stock
of present-day breeds are reared on land with en
unduly high propoftion of shell-sand, as in parts of
Sanday, Y“estray, and Burray, Pining is prevalent both
in cattle and sheep. Similer soil conditions
prevall on part of the Island of Tiree (16) vhere
Pining is e serious malady. Atterpts to improve
the North Ronaldshay sheep by the introduvetion of
tups of modern brecds have always falled, as the
progeny arve lacking in hardiness and stamina.

This is an extreme example of the adaptibil-
ity of a present-day native race of sheep in Scotland.
That the o0ld-time sheep of the Cheviot Hills could
withstend Pining under infinitely bvetter conditions

may be acceptel as almost certain. So long as the
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sheep were bred wlthout undue interference with the
existing type, Pining was 1little kmown. Vhen,
however, "improved" breeds of lowland origin were
introduced among them, bthelr naturael resistance to
thiz malady would gradually be suppressed. That
this infusion of lowland blcod‘&id take place among
Chavibb sheep is well esteblished from the recorded
history of the breed. This asp@ﬁt of the subject

may now be considered.

Changes In Breed Described.

In the vook written by Douglas in 1798
already mentioned (£), the aunthor dsscribes the
importation of a consignment of shesp into the
Cheviot country from Lincolnshire. He writes "three
farmers, viz:- ¥r. John Edmistoun, late of Vindrum,
and ¥r. James Kobson, then at Philhope, bHoth in
Northumberland, and Wr. Charles Ker. then at Rlccal=-
toun in this County, went to Lincolnshire about 40
years apgo, before the breel there had degenerated,
and purchased 14 rams, pilcking out of three score in
the possession of one man". He goes on to say that
¥r. Robson brought their progeny into Roxburghshire
in 1760, and that, many years after, Wr. Robson was
of the opinion that the good effects of this infusion
of blood were still to be seen in his flocks. These
facts are also alluded to by a rec¢ent writer on the

Cheviot breed, Robson (17). It is evident, there=
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‘fore, that the stock on this hill farm were partly
built up from the proiuce of these rams and that the
rams were not merely used to produce crosses for sale
purposes. ¥r. Robson came to 3elford, Roxburghshire,
in 1760 and iatar went to Chatto. Theae farms are
both situated in the Last Bordérs.

Douglas continues "Since that time, by
various changes of rars, some of which have a
proporiion of the Dishley breed, and by a judicious
selection of shapely ewes for breeding, several
neighbouring flocks way vie with those of ¥r. Robson?
As the farms in the vicinity of Belford and Chatto
are nearly all hill farms, it may be assumed that the
practices referred to were mainly carried out upon
hill sheep. Improved strains were evidently
established and these were available gs a reservoir
for other flocks in the ares.

Douglas further states “"There are 5 or 6
small flocks of the Dishlev breed, kept by gentlemen
in rich inclosures, and by one or Ltwo farrers in the
arable district seessescecessce«. Thelr bones are
small and nest, thelr backs broad and flat, and their
bodies round like a DArrel civsvsccscecsos caesw
There is at present, an appearance of their becomring
more general in the lower parts of the County, and of
further experiments being tried by crossing Cheviot
ewes, in hilly pastures, with rams having rore or

less of their blood". Here also there is some
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evidence of a cértain amount of the Dishley or
Lelcester blood dbeing 4lffused among hill breeding
stoclks.

"Reference 18 also made by Douglas to the
introduction of a number of Herefordshire ard Bouth-
down sheep. In commenting on the results, he says
"The Hereforishire, from their anparent delicacy, and
the lightness of their fleeces, willl not probably
necome favourites, notwithstanding the fineness of
their wonl. he Bouthdown, on the contrary, whose
wool is little inferior, and who are llvely, active,
and hardy, did fair to answer on high grounds, and to
improve the wool of the Cheviot shesp, without
materially lessening or hurting their shapes”.
Douglas states that two of the farms Eo'which these
sheep were introiuced were Plenderieith and Chatto.
It may be mentioned here that both of these farms are
affected with Pine at the present day. They are
prirarily hill farms with a limitel amount of arable
land. Vhether these experiments were restricted to
sheep on the enclosel portions of the farms is not
¢lear, but it would appear that the actual hill sheep
were involved.

That other changes in the breeding of sheep
were alsc in vogue at the time in Roxburghshire is
apparent from the testimony of Douglas who gives an
account of facts which he states came within his own

observation. He writes "In many farms, an entire
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change has been effected from the black-facei to the
white«faced sheep, by using Cheviot rams for a
succession of vears'.

fnough has been written to show that far-
reaching changes were in operation among hill sheep
at the period, and that the existing race of sheep
on the Cheviot Hilis was gradwally belng altered in
aize, shape, type of wool, and other characters.
fhat there was some inevitable loss in constitution
sccompenying these changes, there can be litile doubt.
kallace, writing of the Cheviot breed, (18) has
sumred up the éituation in the following sentence:-
“The same course of actlon as that taken in the
estadlishment of other successful sheep oreeding
industries, seems to have been guite unconsciously
followed: en extremrely hardy butbt comparatively
worthless breei, capable of ajjusting itself bto
adverse circumstances in its surroundings, was
gradually improvsed by the introduction of finer odrei
st lesa hardy kinds of shsep'.

It is nobt suzgested that before the breed of
sheep was modified there was 1ittle or no disease
among sheep. It is in fact on recordi that many of
the comron disesses of the present day were prevalent
before there was any notable ¢hange in this direction.
Such maladles as Braxy, Louping I1l, Iiver Rot and
Sturdy areldescribed oy various writers in the 014

Statissical Account as long established sliments
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affecting hill flocks in the Borders. It is con-
tendei, rather, thalt an increased disposition to
Pining folloued in the wake of improved breeding in

the East Borders.

Pining in the Hogeg Country. .

The ecountbry in which James Hogg herded shecp
and latterly became a sheep-farmer was not the Rast
Sorders, but cerscaln dlstricts in Selkirkshire and
Peesblesshire, and parte of Dumfrieshire. His bwn
experiences with Pine, therefore, refer Lo fhcsa
. counties only., Here also widespread changes had
occurred, similar to those enumerated in the Cheviot
reglion.

One of the most notable develbﬁments in
Selkirkshire was the gradual change over from Black-
face or "short" sheep to Cheviots, chiefly brought
about by the use of Cheviot rams. Douglas in 1798
states "this County (Selkirkshire) is wholly stocked
with white-faced sheep; except a tract towards the
sources of Etbrick and Yarrow-waters «s.svssess The
change, from the dlack-faced kind, was effected in
most places Dy using Cheviot tups, for a successlion
of years, till all traces of the coarse wool, short
bodies, olack faces aend legs, disappeared.”

wailace (18) in writing on Cheviot sheep
astates "Lord Wapler testified before the House of

Lords that the Blackface aheep had been driven out
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of the whole of Selkirkshire, including Ettrick
Forest, and substituted by the Cheviots".

Yost of the availabdle evidence goes to show
that this change in breed which was carriei out in
order to obtain a moré valuable quality of wool and
an increased welght of carcaae.waa accompanied by
some sacrifice in hariiness of the original atock.
Dougles indeed disputes this, but other writers
comment upon 1it. #illiem Hogg, an elder urother of
James Hogg, who was shepherd at Stobo in Peeblesshire
{(19), and contributed several articles to the
Quarterly Journal of Agriculture, wrote in 18£8:-

"Anout half a century ago, the hills in the
South of Scotland were stocked with a hardy race of
sheep, every wey adapted for mountainouds and rugged
pastures. Health, animation, and vigour, with a
taste truly esdapted for coarse, mossy herbage
distingulshed this anclent race, and these were
peculiaritles absolutely necessary in a breed which
had to struggle through a hard and prolonged winter,
in & rude and bolaterous clims. 3nt by and by the
fleece becare an obisct of attention, and unluckily
it was cultiveted as a distinet concern, without a
proper rezgard being paid to the mbre important
exaellencies of wuscnlar stresghih ani vigour, which
the 0ld breed possessed in anleminent degree.

To bring about thls change in the coat of

the 0ld forest bre=sd, Cheviot rams were brought from
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the celedbrated range of mountains known oy the same
jenomination, and admitted to the hardy nativss of
the more elevated parts of the country. 'he
independent habits of the mountaln flock wers lost,
and a wmongrel progeny of a clumsy figure occupled the
lowest and warmest of the pastufes”.

In the article on Pining by James Hoaop
already mentioned (86), he writes "In 1823 I chanced
to zo to the hill one morning in June, not the lesst
aware that the plning hai set in, ani found upwards
of twenty scores far gone in 1t, and new ones gebting
affected every day". He goes on to say that he
changed them on to new grass, but in spite of every-
thing he lost fourteen score of them.

It is worth notirg at this point that the
farm which Hogg occupled at this date was Vount
3enger in Yarrow (20}, of which he had becore tenant
about The year 1820. It is recorded in Wapler's
"Store Farming” (5) tias Benger Burn (Nount Benger)
had a Cheviot stock at this time. This gives
support to the view that Cheviot sheep of the period
were liable to suffer a good deal from Pining.

As time went on, the tide once more turnei in
favour of the Blackface. Russel (21) writing of‘
%he Parish of VYarrow in 1845, ssvs that the »nrocess
of replacement had already begun, as Blackfaces "in
stormy seasons sre by far the surest stock". It is

possible, therefore, that the change to a sofbter
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clags of sheep was partly reanponsible for Pine in
Selltirkshire on the scale reported to be prevalent

in Hogg's day.

SNV ARY.

The evidence goes to show that the breeds of
sheep in the Borders were considerabdly modiified
during the course of the eighteenth and early nine-
seenth cennories. The process was a2 gradusl one,
psceupying a long period of vears, but it ultimately
spread to most distriets and had permanent effects
upon the stoclk. In the Rast Sorders an improved
type of Cheviot gradually replaced the existing
stocks, whlle in other parts of Roxburghshire and in
Selkirkshire the old Blackface or Heath sheep was
largely supplanted bv the Cheviot. It was the o0l13
story of indigenons races being compelled to conform
to more highly specialised types. As so often
happens when fresh blood 1s introduced to grade up
indigenous races, there was a break-down in the
natural resistance of the animals to a malady Lo
which they were formerly inured. These develomrents
in breeding in the eighteenth century, taken in
gonjunction with other changes in sheep husbandry,
ultimately led to a widespread disposition to

pining on farms in the Borders.
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4. PREVIOUS EXPERIN ENTAT. WORK ON PINE IN SCOTLAND.

he only record of controlled experiments on
Pine in Scotlend, prior to the investigations
descrined in this Theslis, is an account of experi-
ments made in Tiree in 1931 by the Animal Diseases
Research Association in conjunctlon with the Rowetbtt
Research Institute (16). A summary of the results
sas later contribused by Grelg (22) to the Scottish
Journal of Agriculture. The type of Pine in Tiree
is confined to land heavily impregnated with shell
sand, thus containing e high proportion of Carbonate
of Time. . The sdministretion of ¢rude Oxide of Iron,
with or without Di-calcium Phosphate, acted as a
specific in curing andi preventing the disease amongst
young cattle. The theory was sdvanced that
Carbonate of Lime in excess may have rendered the
iron compounds in the soll insoluble and unavailable
to herbdage growing on such solls. Pine was cﬁn-
¢cluded to be a form of anaemia 4due probadly to an
Iron deficiency.

Ehile commercial Oxide of Iron was ef'fective
in these ¢xperiments in conbtrolling the disease, it
.was not clear whether this was due to the Iron or to
other elements present in the material. The results,
however, were of value in showing that Pine was
associatel with a wineral deficiency 1in the dist.

At the same time as this investigation was
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being carried out, a series of tests was conducted
in Birée by the Glasgow College of Agriculture.
lhe results reported by ¥ilson (23) zave further
support to the view thahk Iron compounds were of
value in dealing with the malady. No controlled
tests were reportei, however.

At a iaber dete 3rown (24), in an article
in the "Scotilsh Parmer", referred to the beneficisl
effeats obtainszd in the Cromarty distriet of Ross-
ghire by feesding Oxide of Iron to cattle and ahéep.
Mhis substance was found to give useful results in
localities near Cromarty vhere pining is stabted to
be prevalent. No experimental data, however, were
submitted in thls paper.

Laboratory tests with pining énd'non-pining
soils were wade by Godden and Grimmett (25) and
published in 19529. 'he work was done following
upon similar work on "oush-~sick" soils in Vew
Zealand. Soms differences were shown in the Iron
and Vanganese content of these soils and in the
composition of the ash of oais and mustard grown in
pots. These tests were of interest as preliminary

gbservations on the guestion.
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5. THE OCCURRENCE OF PINE IN OTHER COUNTRIES.

Under the term "Pine" one may include those
conditions which are characterized by the same type
of symptoms as Pine in Scotland. The chief of these
ar» marked dcbility and anaemia; followed by severe
emaciatlion, It iz typleal in the different
countries that the stock may be grazing on abundant
pasturage when they bectome affectedl with the diseass,
and that there is 1little or nothing in the general
appearance of the herbage to Indicate that it 1s
inadeguate for the proper maintenance and health of
the stock, It 1s also a feature common to the
different forms of the malddy that it can Dbe
prevented by a change of pasture to a.different soll
type, and can also be cured -y this means, provided
the change 1s given in time.

As regards its.occurrence in England, pining
is prevalent 1n Northumberland on the English side of
the Cheviot Hills, as descrived by W. L. Stewart (26).
This 1s, of course, the same disease as on the
Scottish side. Therelia little reference to it in
other parts of BEngland in current literature, but no
doudt a form of 1t is known locally in many hill
districts. It is the experience of the writer that
wherever sheep are kept under poor conditions, the
disease is liable to show itself in seasons when the

stock have got run down. The disease may not be of
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an enderic nature, but may take the form of a series
of sporaiic ouvuitbreaks.

Little is known Dy workers in this country
about the occurrence of Pine in Kuropean countries,
probably owing to the lack of accessible literature
on the subject. It 1s possihlé also that a con-
dition of this nature might e well enough known to
practical stock-owners without finiing its way into
technical literature. 'he fact that the dlsease
affects sheep rore than the larger herbivora would
tend to rule out conslderable tracts on the continent
where there are few sheep.

In parts of Holland the disease "Tecksucht"
(27) occurs on ponr moorland soils which have
recently been reclaimed. TIn such cases the adminis-
_tration of Copper, with or without Iron, is reported
to be effective in curing the animals.

"Bush Sickness” in New Zealand has been
intensively studied for many years by Aston (28) and
others, and appears to be very similar to Pine in
Scotland. In some of the affected areas it was
formerliy impossible to rear sheep. The discovery
that cruje Iron compounds actel as a cure and a
preVeﬂbive revolutionised the raising of stock in
these districts. Investigations have been in
progress on the subject in New Zealand since 1800.

In South Australis a malady known as "Coast

Disease”™ (29) 1s the cause of considerable lnsses.
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It occurs on soils with a very high proportion of
Caraonéte of lLime, simllar in type to plning solls in
TFiree. This condition also seems fo be similar in
many respects to Pine in Scotland and has responded
to similar treatment.

The same malady occurs in Vest Australia
where it is termed "inzoobtic Varasrus® (%0). A
long series of recent investigations have thrown
light on some of the underlying causes of the anaemia.

The disense "Nakuorultis" (31) which is
present in Kenya has been the subdbject of much experi-
mental work. Successful resulss are reported from
the feeding of Iron Balts.

inother malady which closely resembles Pine
is "Salt Sickness" present in Florila (a2). It is
stated that a defleiency of Copper is thelprobable
cause, and the feeding of this element has acted as
a cure. Iron alone ig not effective. ixperiments
were begun 40 years ago and are still in progress.

the above are the chief instances met with in
the literature on the subject. Investigations 1n
the different countries have not yet reached the
stage when the relation between differsent types of
pining can be established with accuracy. Any form
of mineral deficiency vltimately givesn fiae to
iebility and anaemia. The pretlse role of many
elements is not yet understood and the literature

reoulres to bDe read with ¢avtion as the conclusions
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published have freguently been upset Dy subsequent
reSeafch.

'he main work on the subject has been done in
America, New Zealand, and Australla. Research in
Great Sritain inte nutritional anserias of live-
stock under fleld conditlons is of comparatively
recent date and owes much Lo whab has been done clse~
where.

References Lo the work on Pine in other
¢ountries will de made at appropriate points later

in this thesis,
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6. SYFPITOHS AND GENYRAL CHARACTERISTICS

OF BORDER FINE.

It is desiraonle at this stage to give an
acgount of the symptoms and other features of the
iisease as affecting sheep grazing on pining land in
the Bast sorders. The writer has made a detailed
study of the matter in the course of visits bto
affected farms during the past four years and while
carrying out controlled experiments with sheep at
different seasons of the yoar. It is intended in
the paragraphs which follow to describe the symptoms
as shown by the Cheviot breed of sheep, and to
"amplify certaln aspects later on with experirental

data.

Phe Onset of Pine.

It is characteristic of pining that the onset
of vislble symptoms is comparaftively sudden. Sheep
which are apparently in good health and vigour are
found within a few days to be in a state of decline.
Any members of the flock may be affected, but there
is evidence to show that éheep which are in poor
condition are more susceptible thaﬁ the others.

The shepherd has constantly to be on the
wasch for any deviations from normal health, part-
icularly in late spring and early sumrmer as far as

ewes are concerned, as at this period the greatest
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strain is imposed upon the stoclk, Any carelessneas
in h@fﬂing or the want of proper oversight of each
individual in the flock may lead to numbers of sheep
becoming advanced in pining before 1t is realised

that anything serious has happened.

General Appearance of Affected Sheanp.

One of the firgt symptoms notei is that
affected sheep show a falling off in vigour, and
develop a somewhat tired and listless appearance.
'hey tend to hang thelr heads and to move about more
slowly, lagzing behind when the flock are driven.
They can be more easily caught and held than other
sheep. Ihe step becomes slow and short and if
driven for any distance they lie down ﬁﬁ an apparent-
1y weak conditilon. The short, slow step is always
a tell-tale symptom.

There 1s never at any stage any s%iffnees of
the limbs or inco-ordination of galt such as 1s
sometimes found in other allments. An snimal
showing stiffness is not repgarded as a typical piner.

" As the disease progresses, the animals bedome
extremely weak ani may scarcely be able to rise. In
bad cases, particularly among ewes, the heal and neck
are frequently extended forward when the animal is
made to walk. In experiments bto be referred to
later, pining animals ware'freqUently in a s8tate of

collapse and had to be carried in for treatment.
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rhe early symptoms are sometimes difficult to
recogniSe;.although to the experienced shepherd they
present little difficulty. It must be remembered
that certain states of the weather produce well
marized reactions upon the appearance of hill sheep,
particularly in winter. A shepherd in pining country
however, can readily pick out the first sipns of_.

pining at any season.

The lHair on the Face.

The halr of the face usually asgumes a dirty
appearance instead of the clean white colour in the
healthy animal. This discoloration gradually
extends over the face and hesd and around rie base of
the cars. Sheeps' faces naturally tend to take on
a rather dark shade in the fall of the year owing to
changes in the weather snd the gradusl lowering of
the plane of nutrition. Vany other signs will also
be present, however, 1f the sheep are in health,
making 1t essy to differentiate.

In spring or early summer the piner is
recogniaable gecause it ret@ins the o0ld hair on the
face and head thus giving an unhealthy orownish
¢olour. Thriving enimals at this season begin to
cast the 0ld hair which can readil# be rubbed out by
hand. fheir faces become clean and white due to
the arrival of the new c¢rop of hair.

In pining sheep, the hair, instead of being
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laid back against the skin, tends to become erect or
staring. fhis usually begins at the muzzle and
works back to the forehead until the whole face and
head are involved.  In thls state, 1f accompanied by
a dirty colour, the animal 1ls far gone in pining.

The dirty colour of the fage ani staring hair are Aue
ko the drying up of the oily secretions of the body.
The oily matter 301idifies on ilhie halr and forms a
black deposit which is well seen when examined under

a microscops.
'he %ool.

In the healthy animal the wool has a nabtural
lustre and resilience and stands well up from the
body. It is of a creamy colour vhen the fleece is
parted. 'hls 1s due to the secretion of yolk, or
lanolin, from the skin which assists in running off
water from the wool fibres. This creamy colour
extends to the outslde of the fleecce and gives it
" bloom". it is very noticeable in early summer
when the sheep sare rapidly thriving and new wool is
growing fast.

In pining sheep, on the other hand, the
secretion of yolk ceases ani the wool bscomes 4iry,
hard and lustreless. It becomes a white chalky
colour inside the fleete, while on the outside it
gets dark or bluish. Phe fleece becomés sunken and

ma;ted. Affected animals can as a rule be picked
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out from the flock by the dark colour ani sunken
nature of the fleecc.

%ool grows raplily in late spring when the
new season's gress has become plentiful. The new
growth of wool at this stage can generally be seen as
a distinct layer next the skin, ﬁhich oy the end of
June will usually be avdout 1 - 1% inches long.  This
is termed the "rise" and it enables the shears to be
sot under the fleece in the process of shearing.
Unless the "rise” is present in the fleece, the sheep
gcannot De siorn. then sheep pine in spring,
however,; the growth of wool ceases, There 1s 1little
or no "rise" when the fleete is examined. The wool
remains tightly adherent to the bedy and arouna the
neck.  Such sheep cannot be clipped until recovery
1n'hea1bh has enabled a fresh growth of wool to htake

place.

The Skin.

The skin of the nody in pining sheep instead
of being a flesh pink takes on a bluish tinge,
probably due Lo the anaemia, This changes later on
to a brown colour, due to the surface becoming
govered with a brownish scurf as a result of the
drying up of the yollk.

The skin 1tself in bad pining cases beComes
as thin as paper and rerains adherent to the ribs.

The thin paper-like skin is specially noticeable on
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the thighs and is vervy charascteristic of this disease.

fhe HKyes.

There is nothing so indicative of heaslth andg
well-neing in sheep as a full bright eye. The
healthy eye attracts attention aylits lustre and
boldness. In the pining animal it 1s lifeless and
dnll. They grainally become sunken and the lids
become constricted which tends partially to close
them. Pining sheep are typleally "small in the eye™
The eve-1ids lose thelr elasticity and are more
4ifficult to turn over when ib is desired to examine
the lining membrane. .

A noteworthy feature is that if a pining
sheep is watched at the commencement of the trouble
it will be seen constently to blink its eyes or to
clogse them for several seconds at a time. Nrops cf
water will be seen occasionally to fall from the
routhe Phis is typicel of the maledy in the East
Borders andi is qulte a dlstinctive symptom not found
in other ailments. There are no dropsical swellings
about the head or other parts of the body.

The white of the eye, or 8Sclerotic, is, in
the healthy sheep, of rather a dark bluish colour.
The conjunctiva which covers the surfece shows numer-
ous red velns which stand well. ups In shoep which
have oeen pining for some time, however, the white of

the eve becomes vale blue or wvhitish, while the red
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veins arec absent.

The Conjiunctiva.

In all forma of angemia there 1is a tendency
for the lining membrane of the eye-lids, or con-
junctiva, ultimately to become pale ani bloodless.
"his 1s specially true of Pine where 1t often reaches
pnusually low limits. When visible symptoms of Plne
are first noted, the conjunctiva ray be guite normal
in colour. As the discase progresses, howcver, the
membrane becomes & faint pink and finally almost all
trace of colour disappears. The length of time the
anirel has been pining ¢an often ba approximately
determined by an examination of the conjunctiva.

It may be stated in passing that other
vigible membranes of the pining animal, such as
those of the gums, llps, and nosirils, slso show an
anaemic condition.

fhe degree of colour in the conjunctiva is a
useful and falrly accurate gulde to the condition of -
sheeps In the various experiments to be described,
records were kept on this point. It was felt
desirable to have some kind of stendsrd colour scale
in order to take comparable readings, ani for this
nurpose the ordinary Haemoglobin scale of Tallgvist

was employed. Phe c¢olour scale is shown opverleaf.
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Colour Bcale.

30 40 . 80

70

Trade-mark Reg. U. S. Pal
T. W. Tallgvist. Helsingf

Eftertryck forbjudes.,
Alle Rechte vorbehalten.

In the case of sheep in a thriving state, the
colour of the conjunctiva is usually around 40 or
overs. Hill sheep in winter often fall oelow thils
figure. Sheep which have been pining for some time
show a 5olour of about %0, while bad piners go down
to 20 or under. As there is sometimes a slight
variation in the c¢olour of the left eye compared with
the right, it 1s necesaary Lo teke an average of the
two readlngs.

The chinf value of the scale is in enabling
readings to be made at Aifferent stages of an exper-
iment and to wake comparisons between different
experimental groups. It has been found that an

improverment in the condition of pining sheep 1s
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gradually reflected in a higher colour reading.

Tater and Matter at the Byes.

A discharge of matter from the eyes 1s often
present in pining sheep, varticulerly in winter, and
is usually assccisted with lachry?ation. This
matter arises frorm an inflammastory condiitlon-of the
mucous glands causing an increased flow of material.
'he matter accumulates on the hair at the anterior
corner of the eyes and in the course of time makes a
well-defined mark. As pining continues, the matter
may extend all round the eyes both above and below,
and in extreme cases way seal up the eye itself. In
badly pined larbs this may give rise to eyve ulcers.

“atering at the ayes and the accumulation of
matter is not exclusively a symptom of pinings. It
occurs in & mild form with any hill sheep under hard
conditions resulting in the lowered resistance of the
animal. Prolonged exposure to cold winds at high
altitudes is a freqguent cauvse. Cold wet weather
continuing for long periois will also cause these
aymptoms. On the other hand, a period of dry froesty
weather 1s beneficial and puts hill sheep in a
thriving state. Thelr faces bezome whiter and
glossier and any matter tends to dry up and fall
away.

Matter caused by bad weather is seldom

ex¢essive in gquantity. fhere 1t saturated the hair
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right throusgh to the skin, however, it is usually a

gsign of pining.

The Adiomen.

Nothing is more characteristic of pining in
adult sheep than the drawing up of the flank and
belly. Phis appears to be due Lo interference with
the digestive processes and luvarladly occurs at an
ecarly stage in the course of the malady. 'he sheep
lose the belly, or get "gutted”. They aro bthereby
complotely altered in appearance.  There is no
arching of the back and no indicetlon of any psinful
cffects.

In the case¢ of pining lambs or hoggs & pro-
portioﬁ of them instead of getting guited in the
belly get pot-bellied. These are the greedy feeders
which continne to ingest large quantities of food

and thereby suffer from a type of indigestion.

appetite.

Phe gutted 8tate of the belly whlch Iis
typical of edult piners is assocliated with diminihhéd
appetite. fhere may be no decrease in food con-
sumption at the beginning of the allment; indeed, 1t
is often supggested that piners always continue to eat
readlly. This is not so, however. There is a
gradual falling off until in the latter stages the

animal 1s unable to eat at all. It may exist for a
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week 6r more without feedinq. A diminished appetite
following upon derangement of the processes of food
agsimilation is a common symptom of mineral deficlen=
¥«

Ihe derangement of the avgtew is accompanied
by several signs. 4 badly pined animal tendis to
lose portions of food from the mouth when chewing the
cude. This collects as a gre=en deposlit round the
mouth and ls one of the final symptoms. fhey are
sny to eat aupplementary feeding such as hay or cbn-
centrated foods and will not take readily to minefal
feeding,. 'nis 1is one of the diffiﬁulties in
treating piners and points bto the importance of
preventing the trouble rather than curing it after it

has arisen.

vonstipation.

An important symptom 1s that a ¢ertain degree
of ¢onstipation is slways present. fhe only except=
ion is in early surrer when new, fresh grass is
coming away and may cause dlsrrhoea. Pining sheep,
hovwever, are much less affected at this season than
others, the majority remaining dry. The malady is
termed a "dry" nine to distinguish it from other
viasting dAiseases which are accompanied oy écouring.
Should a piner begin to scour before it iz too far
gone, 15 is usually taken as a hopeful sign. he

animal may !‘ske a turn for the better thereafter.
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At the last extremlty, the piner usually

scours on the point of death.

Respiration.

%ith the development of Plne, resniration
slows down end the breathing becomes more shallow.
4 comparison between 20 healthy Cheviot sheep and 20
pining Cheviot sheep taken at rest on the same day
was as follows :-

Hespirations per minute.

Healthy sheep - 72

Pining sheep - 44

Hepeated tests have comflrmed thils result.
In the case of Fnzootlie Varasmus, on the other hand,
Filmer (30) states that the rate of respiration in
that disease remains normal.

he rate of respiration in piners is 1litsle
affected by any exciting causes, in marked contrast
to the extrewre varienility in respiration when norral
hill sheepr are disturbed. 'he animal seems intent
on husbanding its small store of energy to the utmost.
In the face of uniue exertion, therafore, the piner
lies down and rerains in an apparently passive state
with 1little or no increase in the rate of respiration.
Some wrlters have referred to symptoms of breathlesa-
ness. ‘here has been no confirmation of this in
these tescs.

When pining sheep improve there is a gradusl
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increase in the ratbe of respiration. This is almost
a constant feature, and 1t has been found possible in
these experiments to judge the progress of different

groups frorm the rate of respiration alone.
Pulse.

The main feature of the pulse 1s 1lts weakness.
In some pining sheep it has been found to average 110
beats per winute, but in wany cases it is so faint as

to be scarcely perceptinvle to the finger tilps.

femperature.

The temperature rermains normal, about 104°F.
In observations on a large number of pining sheep no

dAistvrbsnce in temperature was found.
The -‘3’1 00d.

fhere is an apparent diminution in the volume
of blood which 1s seen from the small quantity
produced when a pining sheep is killed. fhe animal
does not easily bDlsed from cuts, and when btags have
been inserted in the ears there has usually been no
bleeding, ¥hether there is actually a reiuvetion in
blood below the normal proportion has not been
determined. "he blood volume is usually considjered
to De regulated in proportion to vody weight. %1ith
pining sheep in an emsciated state it is therefore to

be expected that bthe volume will be Aiminished. The
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subject, however, is open to investligstion. It has
a considerable bearing on the question of blood
analyses.

Phefe is a gradual decresse in the number of
Rei Blood Corpuscles. Fraser of Camoridge (33)
‘glves the average number of rei cells per cubic milli-
metre of blood in the adnlt sheep as 10.%5 million.
Scewars and Piercy of Newcastle (£6) found in an
experiment that the average number in a group of
healthy hill sheep was 10.52 million, while in a
corresponding group of pining sheep it was 5,77
miliion. This reprasahts a reluction of 4% per cent.
which is probably rather an extreme example.

The percehtage cf Haemoglodin usuvally shows a
corresponding decrease. In the sere experiment,

tewart and Plercy ascertained the percentage of

haemoglodin to de 11.43 in the hezlthy group of sheep
comparel with 6,12 in the pining group.

Regarding "hite 3loo4 Cells, or TLeucocvies,
15 was found that there was a decreased nrOpnrtion of
Neutrophiles and an increased proportion of Lympho-
¢ytes and Eosinophlle Cells. fhe total number of
“hite Bloodl Cells was somewhat less than in the blood
of normal sheep.

Accormpanying the above changes there is some-
times a disturbance in the serum-calcium level of the
blood and of bHlood Phosphorus. To refer again to

Stewart and Piercy's experiment, serum calcium in the
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healthy group amounted to 9.2 willigrams per 100 c.c.
of serum, and in the pining group 8.2 rilligrams per
100 c.cC. The figures for inorganic Phosphorus were

« 55 milligrams per 100 c.c. of blood in the healthy
animals and 4.97 in the pining animels. A somewhat
gimilar result was founi in experiﬁenta referred to
in this thesis.,

Regardineg dlood changes in general, the blood
picturé largely depends on the shtage at which Gests
are made. If pining has only newly developed there
is not the same differentiation as at a later stage.
'he Red Cell count snd Haemoglobin mav in many cases
remain normal even though c¢linical symptoms have

developed.
Emaciation,

As the name suggests, pining is a wasbing
disease, though in the early stages there may be
little lo0ss in welght. It will be shown later,
indeed, that a growing hosgz may exhibit visible
symptoms and still continue to make an increase in
iive-weight. This phase, however, soon gives place
to a decline. fhe loss of condltion graiually goes
on until a stage of extreme emaciation is reaeheé
when the animal is merely skin ani bdone. In this
state all organs of the body become depleted, and the
skin 1tself is drawn upon to furnish svstenance.

Phe thin condition of the skin has been alludedi to
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previously. Phe digestive tract is more or less
erptv and the net result is a condltion of extreme
lightness in which an adult sheep can be 1ifted off
the ground with comparative ease.

Phe disease follows a slow lingzering course.
Sudden death is the exception and in such cases 1s
usually due to some other cause. the animal con=-

tinues to exist for months before succumding.

Post Vorter.

Stewart and Piercy (£6) found evidence of
parasitic gastritis in each of 13 sheep affected with
Pine. The mucous membrane of the fourthlstomach
showed a thickened and roughened appearance whlch was
absent Iln healthy sheep. In some cases:it was
slightly inflamed 4due to the parasites.

The stomach wall of pining sheep was ofbten
Aropsical andi the Lymph glands soft and likewise
dropsical. fhere was frequently wuch fluid in the
abdorinal cavity. = Accoriing to Filmer (30) simijar
symptors to the adove are commonly found in Enzootic
Yarasmus,

’he heart was found by Stewart to be often
flasccid and pale ani surronnded hy fluid. In 8 few
cases i; was enlarged. fhe other organs apﬁeared to
be normal, there being no noticeable change in the
liver except that it was small and pale. In both

knzootic Yarasmus and Bush Sickness on the other hang,
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the 1liver is stated to show marked fatty infiltration

either of the whole liver or in localised areas.

Stomach and Intestinal Parasites.

in the 13 pining sheep examined by Stewart
and Piercy, infestasion with parasitic worms was
present in every case. The numbers ranged from
6,000 to 60,000 per animal. These were chiefly the
Lesser Stomach Borm (Ostertagia circumcincta) with
gmaller numoers of the Larger Stomach torm(Haemonchus
contortus) and others. Stewart and Piercy ¢oncluded
that pining is usvally a form of parasitic gastro-
enteritis. This 1s an interesting point as hill
pastures on pining farms with thelr relatively high
atocks of sheep 10 carry a considerable population of
Worns.

From experiments carried out by the writer it
seems unlikely, however, that worm infestation 1s the
primary cause of pining. fhe disease has been cured
and prevented in these experiments by minute quantit-
ies of mineral compounds which have never been regard-
ed as having any anthelminthic propertles. Animals
in a state of collapse have made spectacular recover-
les time und again wilthout any change of pasture or
other treatment. All domestic sheep carry paraesitic
worms ani i1t has been shown that large numbers may
often be present without apparent =ffect upon the

health of the animal. Torms may nasten the onset of

the
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malady and may retard recovery in practice, but they

are of sécondary importance to the fundarmental cause

of the disesse which is a nutritional deficliency.

Sumnary of Pining Symptoms.

The c¢linical symptoms of Pine at an early

period are set down hereunder as a pgulde to the

Aiagnosis of the disease on its first appearance.

Karly Symptoms.

1.
Ce

e

4.
D
Ga
7

Be

Do

10.

11.

12.

15,
14.

Jather listless and 4dull apnearance.

f'he step is rather slower than in normal
sheep.

The wool 1ls rather dry and lustreless; dark
or bluish on the outslde of the fleece.

tool sunken.

Skin of the body bluish instead of pink.
Hailr on the face Airty.

Hair on the-face staring.

Lyes blinking when the sheep are allowed to
stand at rest.

Gyelids constricted; the cye orbit contracted.

VMatter collecting at the eyes. There may be
no matter in surrmer.

Paleness of the conjunctive 1f pined for some
time; normal colour if iust beginning.

Slightly pgoutted stabe of the helly. T.ambs
or hoggs may be pot-bhellied.

$1light constipation.

Diminished rate of respiration compared with




62.

All of these symptoms may not be present at
the cowwehcewent. There may, for‘exanple, be no
gutted state of the belly, the face may be falrly
clean and white, and the animal may be falrly active.
If symptoms &, 4, 8 and 9 are present, however, it

would indicate Pine.

Later Symptoms.

1. 411 of the foregoing symptoms present.

Cs Extreme dejection ani weakness. fhe animals
hang their heads.

Se 'he animal lies doun if driven hard.
4. {he neck may be outstretched in walking.

bs Profuse water and matter at the eyes, in
winter. !

6« Skin on thighs and body extremely- thin.

Te Skin of the body bluish or showing a dirty
orown scurf.

8. Pallor of the conjunctiva and all membranes.
9 kye sunken and dull.
10. Loss of appetite.

11. Extreme smaciation.

Signs of Recovery from Pine.

During the course of treating large numbers of
pining sheep on different farms, special note was
taken of the signs which indicate that sheep are on
the mend. These are set out in tabular form for the

sake of elaritvy.
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Nole fthe Ting of while wound e eye
and base of the eor

Nole dlso lhe bﬂ'ghtness oY- the eye.
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The belly begins to £111 out. Tambs or
hogss which have been pot=bellied return
50 normal.

The matter around the eyes 4dries up.

A white ring appéars around the eves and the
base of the ears, showing that the hair is
oeginning to c¢lean up.

In spring, the hair on the face and ears
comes outs if rudbed.

The wool around the neck can be peeled off.

The wool of the boly begins to rise.

Yolk 1s secreted from the skin and begins to
saturate the wool fibres. The outsije of
the fleece gradually becomes a yellowish or
¢reamy colour.

The conjunctiva and other membranes bdecome &
deeper colour. :

The animal improves in vigour and activity
gnd holds the head more erect.

The rate of resplration increases.
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7. THEE INGIDENCE OF PINE IN PHE BORDERS.

Pining in the Borders is mostly confined to
sheeps The incidence under practical conditions is
very variable. On 12 farms from which figures are
available the average incidence in 1935 was 3.0 per
cent of the ewe stock. In one case which came under
the observation of the writer the incidence was 15
per cent. It will be realised, of course, that
every effort was made on these farms to prevent the
diseasec.

Yhere no preventlve measures are taken the
case is enbirely different. In experiments conduct-
el by the wrliter in three different seasons in which
Cheviot hoggs bred on the farm were confined on
pining land for several months wlthout a change, the
results were as follows :-

Pining foggs

per cent.
1955 86
1936 73
19379 90

The average incidence of pining was 83 per
cent. in no year did the test c¢ontinue longer than
fgur months. With a longer period there would no
doubt have been an increase. This result confirms
the opinlon of flockemasters that the majority of
hill stocks in the Rast 3Borders would die out within

two years if kept on pining land without a change.
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As regards the susceptibllity of other stock
to pining, cabttle occasionally show it but the
nurbers are seldom high. Horsés'are not known to

take the disease.

3reeds of Sheep.

While all modern breeds of sheep wilthout
exception will contract the disease on pining land,
there are differences in susCeptiblility among the
breeds. It is not easy to assess the preoiae sus-
cepbibility as this is bound up with the sultabllity
of grazing conditions for a definite class of sheep.
As far as the Hest Borders are concerned, the South
of Scotland Cheviot i1s undoudtedly the most resistant
of any breed. ‘#his has been proved repeatedly by -
the experiente of farmers, many of whom have dilscuss-
el the matter with the writer.

The South country Cheviot 1s comparatively
small and matures somewhat slowly, and therefore
makes relatively smaller demands upon nutrition.

They are adepted to the grassy type of vegetation at
moderate elevatians, and therefore are at home in the
locallity, where indeed they have been bdrei for gener-
atlons. They are full of nervous snergy and are
extremely active in ranging over the ground. In
this characteristic the breed is pre-eminent.

fhe Blackface on the other hand 1s not so

well suited to the grazlng conditions of the area, as
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the heather and other herbage assocliated in its bdest
form with peat is not present to any extent. It is
a well=known experience that a hlll farr which has
carried only a second-rate stock of Blackfaces may
carry a first-class stock of Cheviots when changed
over to that dreed. Blackfaces, while aﬁahted to
satand axposure.at very high altitudes, are a slower
and lazier class of sheep vwnder conditions in the
Bast 3orders. On the grassy slopes of the pining
area they tend to lie about more than Cheviots and do
not obtain a change of herdage to the same extent.
This tends to hasten the onset of the disesse.

The larger breeds of sheep such as the Half-
bred and the North Country Cheviot are definitely
wore susceptible whether on hill-land or arable land.
ey have bigger frames,are wore prolific,and produce
a larger class of lamb, Any deficiency in mineral
nutrition more readily shows up. They require,
therefore, heavier land and a hicher standard of
feeding in winter. These breeds are occasionally
ran on hill-land in the Borders where tharé is
sufficient arable ground to provide wintering in the
form of a moderate allowance of roots and hav, and

the advantage of rotatlon grass in spring if required.

Sex.

———

¥hile sheep of either sex are liable Lo Pine

there is on the whole rather s greater tendiency
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among males such as wether lambs and.tups. Tap
lambs, after weaning, are commonly found to De
specially prone to the trouble. The male is
stronger in the bone snd requires a greater supply of
rineral material for normal.growth. This is scoent-
vated in the case of young tups. It is interesting
s0 note that on one farmjthe only cases of pining
occur in tup lambs, other classes of sheep belng

invariasdly healthy.

Incidence in lambs according to Live-welght.

it may eppear contradictory to the foregoing
put it has been found in these experiments that lambs
below the average in live~welght are as a rule more
susceptible, after weaning, than those which are
above the average in live~welcht. It has heen
reﬁe&tedly found that the smaller lambs in a group
have been among the first to pine an& to take the
disease in a more severe form. Twin lambs, gimmer's
lambs, and any badly-nbrsed lambs are In practice
found to De least reslstant. These lambs are nearer

the border-line of debility at weaning time.

Age.

¥hile on typical pining farms all ages of
sheep are liable to the troublé, the younger ages
often show the highest incldence. Indeed, on farms

where pining is of a mild type the disease is mainly
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confined to these ages, namely, lambs, hoggs and
glmrers.

The highest incidence is found among lambs
during August, elther before or after weaning. As
the lamb is obtaining less of i1ts nourishment from
the ewe and wore from the herbage, it consequently is
more liable to feel the effects of a deflciency.

Yany farmers have had the experlence of keeping lambs
back from the first sale at Hawilck at the beglnning
of August with the intention of sending them to the
second sale, a fortnight later. These lambs have
been visibly healthy and have continued to run wilth
thelr mothers. They have hecome so affected with
the disease 1n the interval, however, as to be unfit
for the sale-ring and it has been necessary to send
them away for a change. Pining may break out at any
time during August with disastrous effects on lambs.
All ewe~lambs which are being retalned for stock must
be ziven a change during the month.

The disease in older sheecp 1s usually most
prevalent where the animals are la a reduced spate as
after a bad winter and spring, as will be referred to
later. - :

Ewes which get into very poor condition
&htnﬂgh nursing lambs are also readlly affected.
these have been cured in considerable numbers during
the eourse of this investigation. It is considered

oy meny farmers that this form of debillty is rather
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different from true pining. fhere seems little
doubt, however, from the fact that the same treatment
has acted as a cure in both cases, that it is the
same, Or & Very.closely allied, form of snaemia.

The tobal number of ewes treated by the
writer for pining during the spring and suméer
periods in the last three years was 118&. These were
located on 8 farms. Recovery took place in 1035
cases, the remainder suvecumbing to sorme form of

intercurrent disease.

The fype of Cheviot Sheep.

The problem with hill sheep 1s how to improve
the economic qualities and at the same time retain
gufficient natural vigour and hardlhood. Some
sacrifice in healtﬁ and resistance to disease is sure
to follow if the flrst 1ls overdone. It is the
opinion of meny experienced farmers that many local
strains of the Cheviot have betome rather finely bred
for cormercial requirements. This subject 1is con-
stantly under discussion and 1s recognised as one of
the chief problems of present-day breeding.

As far as pining is concerned there are one
or two characteristics in Cheviot sheep which have
deen observed to have some measure of correlation
with the malady.

A sheep which carries a fleece of great

density and fineness such as is often found in Hast
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Border Cheviots is rather mﬁre susceptible tyan the
rougher~-coated type. Evidence of this has been
found in these experiments. The fleece of the 4dense,
compact type is invariably short. In the case of
hoggs in winter it has been found by measurement to

be 2 = 2% inches long, compared with 3 - 3% inches

for rougher-coated sheep. In the well~bred animal

it gives an appearance of quality and finlsh which is
most althractive. Quality in this cases; however, has
probably been pushed rather far. Lambs bred off

this class of sheep are poorly ¢lal at birth and

stand a relatively poor chance in bad weather compared
with lambs carrying longer wool. For thriving
purposes at all stages a fleece not too closely
planted and of good lengkth is rogarded as the more
desirable for commercial nurnoses.

A plentiful covering of strong hair of gdod
length on both the inside and outside of the ear is
essential. Bars which are well-haired indicate that
there will be a good covering on other parts of the
body and also a lengthy type of fleece. Where the
hair is very short and silky on the ocutside of the
ear there is often little or none on the inside, and
the ear is given a red apnearance when seen from
Certalin aspects. This is invariasbly a sign of tender-
ness awong the stock. rhe easr-covering, therefore,
Can be taken as a pointer to the general charschter of

the sheep.
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If there is a trace of tan cblour in the hair
of the legs, ears, or face, thils is regarded as an
indication of hardiness and resistance to pine,
although these points discualify according to pure-
bred standards. The tan colour represents a link
with the hardy ancestors of the breed.

The development of bone is closely associated
with health and vigour in live-stoclk. The better
boned the stock arse the more likely they are to grow
and thrive satisfactborily. Fine-boned sheep are
often lacking in stamina and show a greater tendency
to pine. Owing to the light, shallow nature of the
soll, sheep raised in the Hast Borders are inclined
to be rather deficlent in bone. This 1s a matter of
common observation and MeGowan and Smith (8) are
quite wrong in stating that the sheep are as good in
thls respect as in other areas.

These various characters generally go tozeth-
ef. Fine-haired sheep usually carry a short dense
fleoce and are often rather lacking in bone. This
is the fine-bhred type which 1s largely represented
in the show-yard but upon the utility of which the

commercial farmer has considerable doubts.

_Gonformation.

Little need be said on the question of con-
formation. It has sometimes been argued that to

secure ewes of good milking type something of the
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wedge-formation is desirable in hill ewes after the
manner of the rilk cow. This, however, leads to a
falling pff in constibution. fhe animals tend to be
narrow chested, lighter in the body, and longer in
the leg, and are less able to withstand severe con-
ditions. ‘This ia the type that 1s wost liable to
pining. Vany observations madé during the course of
the investigations amply confirmed this point. 1t
must be remembered that the ewe has to live herself
in the first instance before she can nurse a lamb,
and the qualitieé that ensure vigour and hardihood in
the mother are of first importance. The thick
blocky type of ewe is therefore neGessary.

In practice, the milking gualities of the
ewe-stock are waintained by selecting the strongest -
and best of the ewe lambs for breedling purposes.
These will generally be the progeny of the best
milkers and those which are well sulted to the ground
If there should be a tendeﬁcy towards the wedge-type

this is counteracted by breeding measures.

Periods at which Pining develops.

Outbreals of pining are to some extent
modified by the sysbtem of management adopted. In
the Cheviot area the perlods are approximately as
follows :=

Lambs - August and September

Homgs - February to April
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Ewes = (a) Yarch and April
(b) Juns and July

These periods may be regarided as coinciding
to some extent with checks imposed upon the animal
system. In the case of lambs the milk supply has
been.withdrawn in Auguste. fhey are ahanged'during
the month and this usually keeps them going as hoggs
throughout the winter. At the end of winter, how -
ever, following upon the comparatively poor guality
of the food supply, & tendency to pining may show
itself.

Ewes ten& to improve in conditlon from August
onwards, due to the withdraswal of the lambs. During
late winter, however, when they begin to get heavy in
lamb the sbtrain makes ltself felt and pining may
occur in Yarch and April. There seems 1little doubt
that this has a close connection with normal pine,
although some farmers do not regard it so. fhen
spring conditions arrive with a supply of new grass
on the hills, the ewes abtain a valuable change of
meat which tends to put them into a thriving state.
After suckling lambs for some weeks, however; the
drain on the syster is too great and the malady may

appear in serious proportions in June and July.

Effect upon Young lLambs.

If the ewe pines early in spring, as during

the month of Yarch, the lamb will be born weal and
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may die at birth. Should it survive it will be
worth little or nothing. Should a ewe pine immed-
jately before lambing the lamb is usually strong and
healthy out must be taken off the ewe to assist her
recoverys there, on the other hand, pining takes
place after a lamb has been nursed for some weeks the
lamb is weaned off and may fend for itself moderately
well thereafter, though it will likely be of second-
ary valuee.

An outbreak of pining emong ewes, therefore,
has serious conseguences in the depreciation of the
lamb ¢rop. A wether lamb is worth on the average
~about £1 in the normal way at weaning time. The
progeny of a pined ewe may be worth no more than 7/6,
or may be lost sltogether.

When a ewe pines, the lamb as a rule pines
also. Very often the lambd begins to pine before the
oW e The probable explanation is that the quality
of the milk is inferior and brings about the onset of
the dlsease. A reduction in the guantity of mllk is
not always apparent in such cases. Such lambg have
often been cured by the adrinistration of Iron com-
pounis, etc., without the supply of milk in any form.
This appears to afford evidence of a defect in the
quality of the milk.
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Pining tends to recur.

The prevailing experience is that a sheep
which has once pined is more likely %o take it again
at a later period. On account of this, it is some-
times the ﬁractica to draft out ewes that have pined
and sell them off so as to avold & recurrence. It
is thought that a weaknesas tends Lo persist in such
sheep which is qﬁite understandable 1f they have been
much reduced in condition. On the other hand, the
eves cured in these experiments by mineral feeding or
medicinal dosing showéd no greater tendency to pine
in the following season. The strong and healthy
nature of the lambs of these ewes was indeed a.subjact

for comment.

Bought~in sheep plne less.

Shéap which are bought in are much more
resiatant than those bred on the ground. They are
better supplied with mineral material, and the 4iffer-
ence in reslstance is commonly stated to last for one
year. On one or two of the smaller farms & flying
stock of ewes 1s run on pining land and sold off
after one or two years. No pining has occurrei on
these places since this system was adopted. One
farm, much addlicted to pining, and carrying a stook
of 460 Cheviot ewes, had a new stock put on when the
farm changed hands. fhis was found to rejuce the

incidence of the troubdle. Care has to be taken to



66.

know something of the land from which the fresh stock
are balken. If they have been breid on heavier land
they do not 4o so well.

The question of acclimatisation bulks largely
in most aheap-farming dAistricts. In most parts of
Scotland it is regarded as a first.essentigl'that the
stock be bred and reared on the ground. The sheep
gpend their lives on the same section of the grazing.
- 3ueh flocks acquire.a ﬁalue far above thelr sale~ring
value. In the Fast Bdﬁiers, however, stock more
readily get acclimatised than anyvhere else and are
not given fancy values. Phe hill land in most cases
is very accessible to sheep which appear to find the
recognised beats very readily. The practice in the
districect iz not to run sheep on the same heft or
hirsel throughont their lives but to change them
about on different ground according to age. Thus
there is a retognised section of the farm set apart
for hoggs, another for girmrers,; and so on. It is a
comparatively simple matter, therefore, to introduce
new lots of stock as occasion arises,

The area is largely free from tick infest-
ation; Louping I11 and other 5ick-borne diseases are
therefore comparatively little known. Stock intro-
dueed from another area are therefore not liable to
suffer from diseases of this type.

In thils particular area, therefore, it may be

sald that stock do not acquire benefit from acclimat-
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igsation as far as pining is concerned. The stock on

the ground is indeed more liable to the disease.

Surmary.

1. The average incldence of pine dlsease in the
affected area in the East Borders is about 3 per cent
of the ewe aniake  Whepe sheep were kept on pining
land without a change, however, the average incidence
in three experiments was 83 per cent.

2. All breeds of sheep are susceptible, but the
South Country Gheviohlls probably the most resistant.

3« The younger ages of sheep usually show a
higher incidence of the dlssase, lambs after weaning
being most subjecte

4 Finely~bred sheep are probably more suscepté
ible than the rougher bred type. A conformation
that ensures vigour and constitution in the ewe tends
to give greater resistance.

Se In practice, ewes are moat liable to plne
during March and April and in June and July. Hogas
tend to pine in February, March, and April.

Be dought-in sheep are less subject to the
disease. This resistance may last for about 6na
year. There is no acclimatisation value in sheep-

stock as far as pine disease in concernede.
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8, FACTORS INFLUENCING PINE.

The factors influencing pine are many and
varied and include anything that has to do with the
health and well=being of sheep-stock. Vost practic-
es in the area have a bearing on the question and it

is necessary to refer bo these in some dstail.
rhe 3011 .

Pining is largaly.influenced by the soil,
owing to its effect upon the feeding aquality of the
herbage. ¥ore than any other single factor the soil
has a dominant 1nfluenag. The avea in the East
Borders where pining is endemic is mainly situated on
soils derived from andesite rocks. These soils are.
for the most part shallow and coarse in texture with
much unweathered material. They are loose and open
and liable to drought. lLarge stretches of hill land
have a covering of only three or four inches of soll
resting directly on the rock.

Areas of shallow land are recognised as being
- of poor feeding guality and chiefly responsible for
giving rise to pine. Areas of deeper lend with a
finer texture are often found at lower elevations but
may also be found high out. These are reckoned, as
a rule, to be richer in mineral material and to heln
in counteracting the relative poverty of the shallow

ground. All the deep land, however, is not necess-
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arily of thlis character. In the coufse of the
enguiry it was found that pining was most severe on
those tracts where the soil was either very thin and
coarse, or, if fairly deep, was unduly lisht and open
If situatel on a steep slope the trouble was often
peccentuated. Pining land may be separated from
healthy land by a stream or fence or by a line of
demarkation in the herbage. lhese distinctions are
due to changes in the qualibty of the underlying soil.

Arsble land is liable to pine just as in the
case of hill land, if situated on a sirilar type of
soil. In fact it often tends to pine worse owing to
the effects of incressed aeration and leaching pro-
duced by cultivation, On some srable fields; ewes

‘and lambs cannot be kept longer than three weeks with-
out a change, otherwlse pining may develon, If the
arable land is superior in guality to the pininq.hill
ground, however, it will provide a change for the
stock and form a valuable asset in dealing with the
troubdle.

Pining is not confined to the Andesite forwr-
ation. It is found on all geological formations in
the Border counties although not on such a widespresad
scale. A few farms here and there have particular
hirsels affected. fherever the soll is thin and
poor, pining way be looked for.

Further details regarding soil and geological

features are given more fully in a later section of
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the thesis.

Herbage.

The East 3order hills are covered with a
grassy type of vegetatlion and this is a predominant
feature of the herbage of the pining ares.

On the shallow land the typical vegetation
is an association of Agrostis with Sheep's Fescne
in whiech Smooth Stallked Veadow Grass and Piuff Grass
are always more or less present. Other species of
plants are not at all frequent except %ire Bent Grass,
or Nardus, which often dominates considerable
stretches. . This shallow land is known as “sweet
ground" from the fact that the herbage never grows
very rough end is mainly composed of the finer
grasses. It is kept short and leafy by the constant
grazing of sheep. These araas_constiﬁuta the chief
pining portions owing to their relative. poverty, but
at the same time they are the most attractive parts
of the grazing to sheep. '

Deep-land vegetation is found on every hirsel
and is of different types according to the kind of
grass most prevalent. The areas are fairly well
defined, and consist of :-

(a) Areas with short leafy herbage of the
Agrostis~Fescue type. This accounts for a very
small acreage in pining country.

(D) Areas uwnder Iufted Hair CGrass.
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(¢c) Areas under Wolinia or Flying Bent.
(d) Areas under a mixed herbage of Tufted Hair
Grass, ¥Molinia, Spret Rush, etcC..
(e) Areas under Heather growing on moss. Mhis
1is as a rule present in isolated spots.
The finer bottom grasses occupy a rélatively
Pmall place inlthe Vegétatiﬂn of the deep~land areas.
ﬁevertheless, the feeding properties of these grasses
is reckoned to be higher than on the shallow ground.
The main preoccupation of the shepherd iz to gebt the
sheep to &ork through the deep land for a portion of
each day in order to keep them in health.
| The ¢hief draw-back ;s often the relatively.
Qmall proportion of deep land that occurs among the
pining tracts. Not only so, but there is usually
only a small amount of deep land that 1s short-grazed
and leafy and attractive to sheen. The sheep are,
therefore, forced on to the sweet ground whiech pines
worst. Heather is almost entirely absent on many
farms. It is felt that its presence would e a
great help, but that 1t would not altogether
eliminate the trouble, unless growing on very deep moss.
Particulars were obtained regarding the
amount of deep~land and shallow-land on eleven pining
hilll farms with a total ac¢reage amounting to 12,990
acres of hill land. An approximate estimate was

formed of the constitution of the grazings.



72,
netails are aa follows.

CONSTITUTION OF HILL FARNS

AVERAGE OF 11 FARNS(1,171 acres)

Fer Parm Per Cent

acres
Acreage of Deep-land Vegetation 269 23
Acreage of Shallow=-land Vegetation 902 77
1an  tee
Acreage of Heather - 70 8e1
Acreage of WMoss 44 5.5

on the average, btherefore, 77 per cent of
the hill land on these 11 farms is estimated to
consist of shallow-land vegetation, while only 23
per cent 1s deep-land vegetation.

Heather is found on only B.1 per cent of the
land. Four of the farms have no heather at all,
while three farms have less than 25 acres. Its
scarcity is largely due to the heavy grazing with
sheep. The heather 1ls partly on moss but a great
deal of it consists of lea heather of a poor type.

VMoss asccounts for only 5.5 per cent of the
total acreage. It is altogether absent on five
farms aepart from the type of surface peat associated
with Wolinia, and the thin humus deposit that occurs
under grass at high altitudes. On only one of the 11
farmg is there any app&eciable guantity of draw moss

(Eriophorum) which forms so wvaluable a part of the
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grazing in many hill districts in early spring.

The above estirate may be teken as fsirly
representative of the pining area as a whole.

A comparabively small proportion of pining
l1and may affect a whele group or hirsel of sheep.

In one case, namely, The Arks, only 25 per cent of
the land on one hirsel is reckoned to be pining but
as this is the land on which the sheep tend to settle
and feed most, the whole of the flock is made liable
to pining. In sueh a case the fencing off of the
uvnsound portion would restore the value of the
grazing. This has been done elsewhere in several
instances.

Pining is influenced by a combination of
factors relating to soil and herbage. The presence
of a limited area of deep-land vegetation, an open
and coarse soil, the dominance of Nardus over larsge
arees, the small acreage of heather and moss, and
the relatively high rate of stoeking, all tend to
bring about & lowered standard of mineral nutrition
in the sheep. ;

further particulars regarding Herbage are

gilven In & later section.

Rate of Stocking,

It is believed by wany farmers that were the
rate of stocking reduced the health of flocks would

be benefitted and losses from pine would be less.
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There 1s no doubt that the pasture wéuld keep cleaner
under smaller stocks, and the supply of winter meat
would be wore abundant. The spresd of Nardus would
also tend to be arrested as mentioned by Fenton (34)
and other writers. It may be noted that the present
high rate of stocking has been In existence for at
least 150 years and has undoubtedly caused a consider-
able drain on the mineral resources of the soll.

On the other hand, lighter stocking would
éllow the rough ground to increase asnd force the
gsheep on to the shallower and more pining areas.

For this reason, several farmers deliberately run
heavier stocks than they otherwise would. This
practice, however, would appear to be a last resource.
%ith the methods of preventing pining worked out in -
‘the Gourse of the experiments to be deseribed later,
such a means of control is now entirely unnecessary.

I.ess sheep and more caLtle would be helpful
although any great change in this respect is 4iffi-
cuit on hill farms.

A speclal enquilry was made regarding the rate
of stocking on Hast Border farms and this, together
with other details, is shown in the undernoteld table.
The ferms form a large and representative group in
the distriot.

Nata relating to each farm included in the

survey are given in Appendix (1) on page 246.
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RATE OF STOCKING

ON EAST BORDER FARVS

No. of Farms surveyed 28
fotal Acreace of Hill Tand 27,474
Total Wo. of Ewes, Gimmers, and Hoggs 23,184
No. of Ewes, Gimmers, and Hoggs per acre 0.843
lLamb Crop, per ¢ent (1935),(at cutting) 92.38

The rate of stocking works out at 0.843 sheep
(not ineluding young lambs) per acre of hill land; or
1.18 acres of hill land per-sheep. 8 out of the 26
farms have a stocking of one sheep or over per acre,
while 14 farms have a stocking of less than ,843 sheep
per acred

Compared with many other hill districts in
Scotland, where the stocking arovnts to 2 aores per.r
sheep and upwards, the East Border stocking ls
relatively high. It should, of course, be remember=-
ed that the grazings are very accessible, rock
exposures are few, and wet ground is alwost entirely
absents

The high percentage of lambs on Fast Border
hill farms is worthy of note. This subject will be

referred to later.

Effect of Herding.

On an average of 30 hirsels in the area, the

number of sheep per hirsel works out at 28 score and

8, or 568 sheep. This represents the number of
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sheep under the control of one shephefd- The
average area of these 30 hirsels is 678 acres. he
hirsel is ususlly divided inte two or three hefts for
egonvenlence in herding and management, and care is
taken that the land on each heft covers as great a
varisety of soll and herbage as possible. Inequal~-
ities in thils respect are unavoidable, however, ani
50 certain hef'ts are more addicted to pining than
others. in the seme way, different hirsels are more
subject to the malady than others.

The sheep on each heft are sconfined to this
particuiar area of ground, though not necessarily by
fencing. It follows from the foregoing that they
will have a free run of anything from about 200 bto
300 acres. It will be realised, therefore, that the
actual composition of the diet of hill sheep is not
easy Lo arrive at. Information obtained by ordinary
methods of sampling either the soll or the herbage
may be liable to considerable error.

A cerdinal principle in flock management on
pining land is that the herding wust be thorough and
efficient. fhe sheep must be taken off the tops
each morning and set out into the deeper land and
made to travel to the furthest 1imits of the grazing.
In the afternoon, the natural instinct of the sheep
is to work back and aaﬁend to the highest parts
before nightfall. In cases where the deep ground is

at the top and the pining ground is low down, the
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sheep must likewise be kept regularly on the move.
The sheep will not rake the ground by themselves,
hiowever often they do it, but must be constantly kept
ab it.

It is ocassionally the practice on pining
farrs not to have the grazing divided into hefts but
to give the shneep the run of the whole hirsel. This
increases the tract of ground avallable and thereby
gnsures a better range of herbage and more exercise.
?his system 1is reported to be of speclal velue where
pining is severe.

fixercise 1s essential and an amount of
dogeing that would be considered injurious to sheep
in ordinary practice is held to be beneficial on such
land., Farrers believe that the bodlly functions are
kept in better order, and that plenty of exercise
cends to keep pining away.

An example of what may happen when sheep are
left to themselves for any length of time without
herding was quoted to the writer. During the hay
secason, the shepherds on a pining farm were withdrawn
from their normal duties to assist in securing the
erop. This was dqone for reascons of economy and also
orving to the scarcitby of casuai labour. Within a
few days, an outbreak of pining had-begun, and vhen
herding was resumed s considerable number of ewes and
lambs had to be sent off the farm for treatment.
~The sheep had settled on the pining portions of the

grazlng, leaving the deeper ground untouched.
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Breeding Vanagement.

On many of the higher places in Bowmont Water
and Kale Fater where pining is prevalent, it is =
regular practice to walt ﬁntil Cheviot ewes are three
years old oefore taking a c¢rop of lambs. No lambs
are taken off gimmers. If glmmers are bred from, it
is found that it interferes with their normal develop-
ment and tends to favour pining. Gimrers' lambs
are not so well nursed, there is a high percentage of
small secondary lambs, and the value of the draft ewe
is depreciated. It pays, therefore, to sell 3 crop
ewes at 5 years old Instead of 4 crop at this age, as
is the custor in bdetter dlstrictis. The practice is
dictated by the character of the land. It is unable
to give the required growth and bone development if
stock are mated too early.

The general practice on pining farms in the
area is tolwintor the ewe hoggs at home. They are .
c¢hanged off the farm for a month or thereby in August
and again in Febrvary, so that it is not home winter-
ing in the ordinary sense. Out of 26 pining farms
from whlch particulars were obtained, 20 followed the
above system, while 6 sent away the hogss altomether.
As far as pining is concerned, it would be an advant-
age Lo have the hoggs away on sultable ground the
whole winter, The total cost amounts Lo about 10/

per head and represents a sound investment.
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Beneficial Htffects of Changing.

On pining farms sheep cannot be kept for any
considerable period at a strebtech otherwise they bpegin
to do badly and develop the dlscase. It i8 a
rerarkable feature that the dlsease can be prevented
to a considerable extent by resular changes Lo &
Aifferent soll type. 'he solils to which the sheepn
o are generally sltuated on the 014 Red Sandatone or
on the Carboniferous formatlons, commonly referrel to
as Freestone or limestone, respectlvely. 3eneficial
changzes are also made to Silurian and even to the
better types of Andesite itself. The soil is the
deciding factor.

The farrms or grazing areas which are chosen
for changing are often at no great distance awav.

In some cases a nelghbouring farm, if outside the
pining belt, is sufficient to work the desired effect.
Some farmers rent grass parks in low-ground areas
apecially for the purpose, while in a number of
instances the farmer runs a low~groundi farm as well
as a hill farm. | the essential point is that the
soil be of better quality than that on which the
sheep have been statsioned. As a rule the change 1ig
made to grass but.occasionally a winter-change may be
made to roots.

Normally two changes per year are regarded as
ne¢essary where pining is severe. These periods sare

not adhered to strictly by the calendar but depend to
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some extent on the conditlion of the flbck. The
first sign of a check occurring in a few individuals
ié generally taken to indlicate that the changing
process must be set in motion without delay. fhe

recognised periods are :-

(1) February and Varch for all classes of sheep.
(2) August and September for Hoggs.

(2) September and October for Ewes.

4 change of three weeks Juration is usually
given to ewes and gimmers. For lambs after weaning
and hoggs in spring, a month is consldered necessary.
Shorter periods are occasionally employed but are not
found so beneflcial or reliadle.

A suitable change has a marked effect on the -
health and vigour of the anirmals. Instances are
frequently guotei where members of the flock have
been so weakened by pining that they have been unable
to travel off the ground. #ithin three weeks,
however, they have completely recovered and have
been brought baclk in a vigorous and thriving state.

An essentlal feature 1s that all shesp on the
farm require to be regularly changed if the disease
1s to be effectively controlled. It is of little
use sending away only those sheep which are visibly
affected, as manv others may develop symptoms soon

after.
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affects of Season.

Contrary to what might be expected, a mild
winter often has a debilitating effect on hill sheep
in the Borders. I'nis is reflected in a less robust
condition at lambing time and a greater tendency to
pining. In such a winter the ewes are inclined to
iteep to the finer and sweeter ground which consegquent-
1y gets dirty and the animals are more liable to pick
up parasites. The disease known as Blood-rot which
is occasionally present on some farms has been
ascertained by Stewart and Plercy (85) to be due to
parasitic worﬁs in the digestive Lract. This also
occurs on the Scobtish side of the Cheviots and has .
been treated by the writer by dosing with Sulphate
of Copper. :

n the other hand, a winter in which there
are considerable spells of frost and occasional_snow-
falls tends to put hill sheep In a more thriving
state and they come out in fitter condition at lamb-
ing time. In hard weather the sheep are compelled
to range over the deeper portions of the grazing and
thereby obtain a chenge of fodder on comparatively
clean ground. The quality of the feeding on this
ground is also better.

The weather during the lambing period itself

has an important effect. Hill lambing in the Hast
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Boriers begins on bthe 16th Aprll in the lower
districts and towards the end of the month in the
higher areas.  If the spring is late there is an
ahsence of grass and the ewes and lambs suffer
considerably. Special notes warelmade of the
weather during two different seasons and these ex-
arples may be quoted Lo show the effects on pining.

In 1936 snow lay c¢ontinuously on hill land
from April 12th to 18th, and on the highest farms
until April 25th. There was hard frost on 10
guctessive nights lasting from April 12th to April
2end. Ewes lambed in the snow and the frost checked
all growth of grass. There were scores of milkless
ewes and ewes with bad udders, while the majority of
flocks got very run down in condition. The result
was the highest incidence of pining among ewes and
lambs during the summer that had deen experienced for
many years. _

1937 wes characterised by conditions of
exceptional severity during the period before lambing,.
Snow began to fall on February £27th and thereafter
there was a succession'of heaVy snow-storms through-
out ¥arch, with much drifting. Wany ewes were onuried
in 4drifts, and damage was done by the pregnant cwes
straining themselves in the deep snow. Hill land
was not ¢lear of snow until early in April. Owing
to the protection of the snow, however, the grass

ctame up green and fresh}and by the middle of April
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there was a plentiful supply of young grass.

Veather during lambing was exceptionally good with
alrmost an entire absence of frost althoush there were
some cold days in Vay. Pastures made excellent
progress and the net result was that although ewes
were much reduced in condition at the opening of the
lambing season they recovered considerably and rather
less pining than usual was reported during the surmer
thereafter. It will be seen, therefore, that there
is a difference in the amount of pining in different

Vesrs.

bining often worse in s webt surmmer.

It is the experience of the majority of
farmers that pilning tends to be worse in 2 wet summer
and less prevalent in a dry summer. It might be
thoupght that the position would be reversei, as it
has Dbeen shown from investigstions on the composition
of hill pasture that the mineral content is poorer in
a dry season (36). As a rule, however, this has
only an indirect bearing on the question. he
explanation is that in a dry season the sheep ars
better spreal over the grazing while in a wet season
the deep-land herbage grows too strong and the sheep
are more inclined Lo settle on the shallower and
sweeter ground.

Where the amount of deep land is very limited,
however, a dry summer may cause 2 definite shortage

of keep and in that case there is a greater tendency
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to pining)as might be expected. ¥uch depends upon

the faorm itself.

The Influence of Catile.

The Best Borders in comron with most hill
districts carries only a limited number of cattle on
hill grazings. ¥here there is a proportion of
arable land on the farm there are greater facilities
for winter feeding and a bigger stock of breeding
cattle can be run than on purely hill farms. In the
course of the survey, & representative group of farms
was taken and particvlars obtained regarding the
number of cattle grazed on hill lend in the summer of
1985, The group represents a falr sample of the
area and includes pining and non-pining farmrs.

Particulars are shown in the following statement.

Cattle summered on Hast Border Hill Tand, 1935.

No. of Farms 2e
Agreage of H1ill Lend : 28;143 acres
Nos. of Breeding Couws - 166
No. of Calves 158

No. of 3ulls, Bullocks and Heifers 263

No. of acres per Breeding Cow 169.5

No. of acres per head of Cattle Stock 47.9

Detailed particulars of each farm are given .
in Appendix (2) on page 247.
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From the figures it will be seen that the
gtoclkt of cattle works out,on the average, at 1
breeding cow to 169.5 acres; or 1 head of cattle,
ineluding young calves, to‘47.9 acres. Galloway
cows formed the principal stock, but on the lower
places cross-8horthorn cows were frequent.

It 48 l1ittle use coming to any conclusion
regarding this relatively low rate of stocking with
¢atible without first taking into account the peculiar-
ities of the area. In most sheep ferming districts
the difficulty in keeping cattle is the provlem of
vinter izsep. In the Kast Borders, however, the
problem is often one of surmer as well as of winter
keep. Phe rainfall is comparatively 1ight, the
soils are shalléw, and much of the hill lend is
lizble to burn in a dry season. The deep land is
rezarded as a necessary provision for times of
drought as well as for winter use. In & dry sumrer
with any appreciable stock of cattle on these hills,
ewes and lambs may suffer considerably, end, in
addition, may be deprived of their normal reserve of
winter fodder. The tendency on some of the drier
farms in Bowmont Vater and Kale V‘ater is that pine
disease may increase in certain years following upon
the influenee of cabtle.

Cattle Increase the labour of shepherds-:who
are already working to full capacity. Yore hay

requires to be cut, and on purely hill farms theé
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fecilities are limited. Cattle break.down open
drains in tﬁé bottom land as was found at 3oghall by
wilson (37).

An incresse in cattle, therefore, reguires to
be carefully considered in relation to the farm
itself. Cattle improve the herbage but an undue
number is to be grardel agalnst. the farmer btries
Lo keep on the safe side with the advantage in favour
of sheep and in some ¢ases probably an vndue margin

of safety is allowed.

Effect of Yanuring Hill Pasture.

On only three farms in the whole of the Rast
Jorders has any.manuring begen carriel out on hill
pastures, namely, at Vorebattle ofts, %“oodside. and -
8totfield. fhe moat notable inastence occurred at
stotfield. . The late Fr. F« S« Oliver of Rigerston
manured 537 acres of Stotfield HiI1l in 1827, the
dressing applied being 8 cwts. per acre of Pobassic
Wineral Phosphate. this had a marked effect in
increasing “hite Clover, and the results are still
viginle. Cattle were ruh in considerable numbers on
this hill and greatly helped Lo lwprove rough areas
infested with Nerdus. The late Yr. R. ¥. Tait vwho
supervised the work stated to the writer that the
magnuring was beneficial to the health and condition
of the sheep and was reflected in an increase in the

lamb cerop. fhe manuring, he said, also largely
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abolished pining.

Following upon the work at Stotfield, Vr. 7.
Richardson, then tenant of Woodside, manured considjer
able stretches of hill land there with 5 cwts. per
acre of Ground ¥ineral Phosphate. No Potash was
used. fhis had a notable effect in bringing up
glover and improving the feeding aquality of the
grazing. ¥r. Richardson states that the manuring
prevented any tendency to pining in the stock.

Hill land at Yorebattle Tofts was wanured
some yvears ago with Phosphate and Potash. On
account of the dry conditions, the manuring employed
was & ¢wts. Superphosphate and 3 cwise Kainit, per
acre. The late Fr. J. Hoberton informed the writer
Ithat the treatment was thoroughly successful and had -
a marked effect in keeping off pine.

These are three eiamples from the area which
sive evidence to show that the application of mineral
manures,and particularly Fhosvhate,has an influence
in preventing or reducing pine. Improvements on
gimilar lines could undoudtedly be made on many farms

in the locality.

Effect of ¥inter Feeding.

The general question whether to feed hay to
hill ewes in winter is much debated. No finality is
ever reached because the condltions vary so greatly.

In the Hast 3oriers it is a recognised practice to
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provide hay for the stock, because 1f the ewes get
rednced in condition pining is more prevalent. In
the severe snow storm of 1937 those farmers who 4iAd
not use hay had falrly heavy losses from pining
thereafter,

The feeding of hay has no bad consequences in
' the Hast Borders 1f vsed Judiciously. The ewes 4o
well on the fine leafy herbapge in the followlng
surmer and rear thelr lambs well. In fact, hill
ewes on some farms actually go on to roots for a
spell in late winter. It is a different mattor in
rough country such as in the Western Cheviots.

Haying in winter in this locszlity tends to put the
sheep off thelr normal beats and they are not so gool
at seeking out the finer grasses in the pasture in
surmer, which in any case are comparatlively scarce.
In such districts the feeiing of hay, except in times
of 4ire necessity, 1s a mistake, and may result in
poorer returns from the lamd Crop.

The feeding of rock salt is largely practised
nit, while of beneflt Lo the stook, is found to have
no speeific effect against pining. Proprietary
nineral liclts have been trled in recent years but
have not found much favour. Of 15 farmers who used
them, only 3 stated that they had found any appreci-
able benefit against plning. The remainder had
various practical objections which they considered

ontwelghed any advantage.
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9. CONDITIONS DETERMINING THE VALUE OF CHANGING-~LAND.

Reference has already been made to the bene-
ficial effects that generally follow the regular
changing of the flock for three or four week: to a
different soll types This constitutes the standard
method for preventing pine in practice. Farms or
lands which may be used for changing, however, are
found to differ greatly in their value for the
purpose. Some indeed may have little or no prevent-
ive value. They can ro?ghly be divided into three
classes i=

(A) Farms that will cure pining sheep, and that
will prevent the disease occurring after the sheep
return to theip own grazings.

(B) Farms ﬁhat have no curative value but will
prevent pining.

(C)} Farms that will neither cure pining nor
prevent it. These farms really belong to the pining
category. '

The value of different farms or lands in
preventing pine mainly depends on the charaster and
quality of the soil, and the subject is best con-
sidered from that point of view.

A. ‘Pipst-class Changing Land.

On many of the grazings in this category the

sheep may visibly respond to the change while on the
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gpound. On the other hand, they may show no henefit,
particularly if' the herbage is in a less suitable
condition bthan thét to which they have been accustom-
ed. The sheep may astually return in a leaner state
than when they went away. Nevertheless, they
immediately begin to go forward snd soon rmproée
béyoni recognition. Farmers usually look for the
main benefit of a change from the way the sheep go
shead after they return.

Among Class (A) farms way be put, first of
all, most of the heavier types of soil such as clays,
together with medium soils containing a good pro-
portion of ¢lay or silt. The heavier the soll the
better 1t is considered to be. A ¢lay soil on Free-
stone is regarded as speclally effective. Heavy
land derived from Limestone or from the finer-tHex=-
bured Andesites 1s elso good.

'he high value placed upon c¢lay is in line
with the theory that pining 1s'iue to a form of
rineral deficiency. It has been shown thet elay and
8llt are the fractions of the mineral nart of the
80il which are richest in the mineral elements
required for the nutrition of crops and live-stoclk.
Russel (38) has indicated that this is particularly
true of ¢ertain inglish soils of a highly weathered
type. Hendrick (39) working on North Scottish
s0ils of a relatively unweathered tvpe derived from

granite, found that there were certain differences
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from the English soils. The majority.of constitue
ents, however, and particularly phosphoric acid and
ifon, were also present in greater quantity in the
_'fiﬁer fractions. ~ Regarding the availability of
ghese rinerals, Robinson (40) séates that the clay
fraction usually contains most of the chemically
reactive colloidal inorganic material of the soil.
This is well borne out in practice.

Robinson (41) alludes to the fact that under
e¢onditions where the entresnce of alyr into the soil is
impeled, processes of rejuctlon are prevalent.

Ferric compounds are reijuced to the more soluble
ferrous stabe. Fhis painb‘is allnded to by Aston
(42) in connection with the ocgurrence of Bush Sick-
ness in New Zealand. It may be that trace elemenis -
associated with iron are also made wore available, as
well as some other of the major elements. This con-
dition regarding the exclusion of air is present Lo a
preat extent on clay land, particularly if it has
long rerained undisturbed by cultivetion.

Phe superior feeding-quality of produce
derived from c¢lay is so well-known in practice that
the matter need not further be commented on. i
change from light pining soils which are all poor in
¢lay, to cley=-land is hela in the highest repute of

any change available in the locality.
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Peat Soils with Heather and Drawv Moss, stc.

Peat so0ils of a sultable type and producing
Heather, draw Moss, etc., may also be placed in the
first class for changing purposes.

There are various qualities of peat, some
being comparatively rich in mineral material while
others are reiatively DOOT. The method of formatlion
largely determines the mineral content. Walzaman and
Stevens, auoted by Robinson (43), found Low-Voor
peat to contain 10 - 25 per cent of ash in the Adry
matter. In the case of High-~Noor peat, the same
authors found only 1 - 2.2 per c¢ent of ash.

Low-Voor peat is usually formed in depress-
ions under water-logzel conditions, where silﬁ, mud
and flush water are washed in, thereby incorporating
much mineral material with the peat. Under Scottish
conditions, these are often of an acid type (44).
High-Yoor peat, on the other hand, is formed when the
peat rises above the water table and the resuitlng
vegetation is wainly produced from the decayed
vegetation of fomner'years. The eomposition bHecomes
progressively poorer.

Climatic-Moor is the term given by Fraser
(45) to the type of peat formation that develops in
mountainous regions, as ian Scotland, on the surface
of mineral soll due to humid conditions. This peat
also tends to develop towards the High-Moor formation.

Climatie peat is shown by Fraser (45) often to have
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a ﬁonaideraale content of ash, sometimés as high as
22 per cznt.

Peat, therefore, is of very varied composit-
ion. The availability of the mineral compounds is
likewise variable, and depends on such factors as
aeration, decomposition, base status, leaching, etc.,
as described bﬁ Fraser (47). Practical opinion,
however, ls unanimous in ascribing high feeding pro-
verties to herbage of a non-gramineous type growing
on most peat areas. FParmers find that it serves to
balance up the feeding obtained from grassy vegetat-
ion growlng on mineral soil. Both classes of herb-
age on a hirsel or heft tend to make a first-class
grazings The subject has not yet been fully worked
out on the technlcal side for any particular area.

In the Cheviot region, most of the main types
of peat are represented. In the pining area itself,
'however. it is mainly restricted to shallow Climatic
peat associated with Molinia, and the thin layer that
occurs under grass at high elevatlions. Isolated
patches produce heather, etc., as-already alluded to,
but thelr acreage is usually extremely small. In
¢lose proximity to the pining velt, on the other
hand, there are large areas of various classes of
peat. These produce Heather, Draw Yoss, and assoc-
lated plants. fhe significance of peat in the
present connectlion lies in its production of this

Class of herbage.
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Heather (Calluna vulgaris) has been shown by
Lauder and Comrie (48) to provide & valuable source
of Protein to hill gheep and also appreciable
quantities of mineral matter, particularl# 1lime.
Thomas (49) working on well-managed heather on
shallow peat overlying sandy clay, in NWoprthumberland,
also found a comparatively high content of lime.

Draw Voss (Eriophorum) was found by Thomas (50) to
be particularly high in phosphoric acid in the early
lspring, in the scallions, but very poor in lime.

The mineral content of these plants, in eddition 5o
the Protein, 1s one of their great assets.

Practical opinion places the highest value
on the ¢lass of heather that grows on comparatively
deep peat, at least one foot in depth. Heather
that grows on a shallow peaty soil, or on lea, seldom
attains such vigour. The annual growth of shoots is
small, and the feeding value is found to be poorer.
Certain claesses of lea heather growing on Freestone
soll, or on solils of a clayey nature, ere, howvever,
of value in curing snd preventing pine and reguire to
be 1nelu§ed in the seme category as heather growing
on peat.

It should be noted that the precise chemical
differences in the composition of heather from
different soll types still awaits determination.

A change bto heather on comparatively deep

peat is in high repute, either in auturn when the
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new growth is in a succulent state, or in early
spring. it is speclally so if the pining farm has
no heather at all. Cheviot sheep are not well
adepted to this c¢lass of fodder by itself and may
show no improvement while on itf. Nevertheless,
when returned to their own grazings they make very

satlisfactory progress.

B. Second-class Changing Land.

Grazings or arable land in thls c¢lass are
only effective for changing purpeses provided there
is no pining among the stock when they go there. If
there is any pining about bham they may begin to
develop the disease when returned to thelr own graz-
ings. Gwing to the demand for changing-land, a
farmer is not always avle to get the type of grazing
he wants and way therefore have to utilise this class

Light sandylor gravelly soils in poor con-
dition may usually be placed in this category, irres-
pectlive of geological formation. These soils are
Comparatively low in clay and humus, short of lime,
and are low in avallable minerals. Such soils if
under & grassy vegebtation are of limited uée for
changing. This does not apply to heather, howevers
fleather on soils of this type 1is often of consider-
able value. .

An instance in which a grass~change to soil

of this type did not cure pining among hogss canme
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nnder the observation of the writer. In the autumn
of 1936, 152 ewe hoggs were changed off pining land
to grass fields situated on the 014 Red Sandstone
formation. Plning was already apparent among a few
individuals. The fields were in a comparatively
poor condltion end the soil was fairly 1light in tex-
ture. The hogpes were away for one month. Shortly
after thelr return, pining broke out, and within
three weeks a total of 13 per cent had hecome affect-
ed. fhey were given minerel feeding, after which
recovery took place. The land had not been strong
enough and the herbage had been unsble to control

pining.

C. Pining Land.

In practice, cases occur where sheep are
changed from one pining farm to another. This pro-
duces beneficial effects of a temporary nature.

Like all changes, 1t acts as a stimnlus. If the
progress of the sheep has been inclined to hang fire,
it gives them a help forward. If there is any pine
about them, however, it will not cure it. If they
are healthy, it will not ultimately prevent it.

Similarly, putting sheep on to roots on
pining land is not found altogether to eliminate the
ﬁroubla- Arable land on pining farms 1s, as a rule,
limited in acreage and is therefore often worked on

a short rotatlon. Only a2 moderate application of
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monures is usually given. The condition of the
¢rops produced is therefore poor as far as feeding
valve 1s concerned.

Apart from land in the recognised pining belt
there are c¢ertain areas of land of poor quality on
neighoouring formations which behave in a similar
manners These also are nelther of curative nor of
preventive value when stock are changed on to them.
This again railses the guestion that pining is not
confined to the Andesite formation but may be found
in localised areas ln other districts.

While heather on deep peat and on Freestone,
etd., glives all the advantages required for changing,
hesther on the usual type of shallow Andesite soil 1is
not satisfactory. In places where it is found in
guantity it frequently has sn infiuence in helping to
keep the trouble within bounds, but cannot be relied
upon. Pining is found in these places in spite of

heather,
Deduction.

It will be realised fvom the questlons
discussed in the preceeding paragraphs of section 9.
that pining can be controlled by regular echanging to
a type of soll and herbage which is better supplied
with available minersl matter than that to which the
sheep heve been accuatomed. The high value placed

upon hesther which grows on peet still, indeed,
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leaves room for technical enquiry before a full ex-
planation of 1ts status can be arrived at. That
geems ¢lear, however, is that an improvement in the
general mineral conbtent of the ration of hill sheep
confers resistance against pining. The disposition
to pining is rendered more acube if the general

minersl standard is deficient.

Changing practice is liasble to modification.

ihlle the system of changing the flock twice
a year holds good where pining is severe, the
practice is lladle o modification according to
gircumsbances. there pining is not unduly severe,
only one annval ¢hange may be given. Hoggs, for
example, may be supplied with concentrates and hay in
late winter instead of the usual change at this time.
In other cases, where pining is of a very mild type,
it ls only considered necessary to have two changes
in the life-time of the sbtock, nsmely, once as hoggs
and once as gimmers or ewes.

Some farms consist of non-pining land as
well ag of pining land. “here there is a substan=-
tlal acreage of arvable land or enclosed grass of thig
type, the reguired change can regularly be given
within‘tha farm itself, without sending the sheep

elsewhere.
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pifferences in stock in thelr response to changing.

Different classes of sheep may, in practice,
respond differently on pastures to which they are
sent. Enclosed pastures in low-ground districts are
often in a rough state in autumn, particularly if the
geason has been such aaito produce & heavy growth of
Zrass. Grazing of this type is not at all suitable
for hoggs, which do best on comparatively short. and
leafy herbage. It is wainly & gueation of fibva{

A high content of fibre In the food of young sheep
makes the feeding unsuitable. Ewas, on the other
hand, can make headway on a more fibrous type of
herbage. They have also acquired the fasulty of
selectlng thelr grazing Lo a much greater extent than
hegga and consequently can make hetter nase of the
grazing.

It may here be mentlioned that this principle
is utilised in the HEast Borders in a2llocating the
stocking cf differvent hefts or hirasels. The rougher
grazings are often set apart for ewes, and ths hefts
with more fine ground may be nsed for hoggs and
gimmers, This agein is liable tc wodificatlon as
the rougher grazings are not so good for the young
lambs running wita the ewes.

An instance showing the differential effects
of changing was cbserved in the aubumn of 1956.

The same fields wore utilised by a farmer for chang-

ing both ewes and hoggs. There was boo puch grass
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on the fields owing to inadequate stocking during the
gummers The ewes improved considerably on thé
ground and went ahead on thelr return. The hoggs,
however, did not make satisfactory progress and
shoved only limited benefit thereafter from the
change. It is necessary, therefore, to considér the
nature of the grazing as well as the gquality of the

solil when selecting pastures for a change.

Sheep Worms.

Wiere the cause of pining mainly connected
with the prevalence of stomach and intestinal worms
as suggested by Stewart and Plerey (51), farmers
would require to take great care to send thelr sheep
to clean pastures or to passtures that had carried
eamparatlvely light stocks 1n previous months. This
is not so in practice; however. Clean pastures have
advantapges, but the sheep have usually to be changed
on to grazings that have previocusly carried many
stocks and where no special aleaning of the ground can
be given beforehand. The benefits from such changes
are well marked. 014 pastures that are »nresumably
fairly heavily infected with parasites are found to
ansvwer well. S0 long as the soll is of the right
type and the herbage is in a sultable condition for
sheep, good results usually follow.

The subject of parasitic infestation has

already been referred to on page 50.
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It 1s true that the changing system usually
benefits the home grazing. In most cases no fresh
stock come up to replace those sent away. The
pastures therefore get a chance to clean and the
grass freshens up by the tlme the flock returns.

This undoubtedly is one benefit of changing bu£ it 1is
ohviously due to other fesctors besides the auestion

of parasites.

The Cost of Changing,

“hile the practice of changing is usually
successful in keeping the majority of the flook in
health, it involves a good deal of expense and incon-
veniences Sometimes the type of land reguired is
difficult to get, and prices may be high. On the
average, the cost of grazing amounts to between 44.
and 6d. per head per week, depending on the quality
of the grazing and the locality. For a total change
of six weeks annually, wmade up of two changes of
three weeks each, the charges involved therefore are
2/=- to 3/« pér head. . Transport in some cases may
add 6d. per head to this sum for each change. The
average cost on eight farms, several of which had
only one annual change, amounted in 1986 to 2/8 per
head, for the year. his represents an annual

cherge of £133 for a stock of 1,000 ewes and hoggs.



102.

10, ZITREATMENT OF PINING SHEEP TN PRACTICE.

e farmer in the past has concentrated his
efforts on methods of prevention, and the syster of
changing the flock has been evolved as a practical
golution. There is no corresponﬂing system of
curing the disease once it has arisen, apart from
gending the affected sheep away. The farmer has to
40 his best in the circumstances. then it does
break out, therefore, farmers regard it as the worst
disease affecting sheep in the area. On the one
hand, it 1is 11ablé to affect ewes at the nursing stage
and so give a severe set-back to young lambs. On
the other hand, it may break out amongst lambs at the
time of the Autumn sales and disorganise the market-
1hg arrangements.

tarly recognition of the disease and prompt
treatment are everywhere regarded as of first import-
ante 1f pining animals are to be dealt with success-
fully. "he longer the delay the more does the
disease sap the vitallty and proiuce a moribund con=-
dition which is almost hopeless to treat by ordinary
methods used by farmers in the past. Should such an
anirmal ultimately recover, its valve is so depreciate
ed as to be worthless as a member of the flocke.

fhe value of concentrated foods produced
elsewhere than on pining lani is well !mown in pre-

vention. Practically all farmers agree that any
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"hox feeding” will prevent pining if given for an -
extended period. 3uch foods as Bran, Dried Beet.
Pulp, Brewers' Graing, Oats, and Waize, are in high
repute. Linseed Calkte is considered to be nest of
all. No doudt cakes in general are in this catesory
partly on account of their protein content. fhare
are cases, however, where feeding with Vaize has not
“entirely prevented pining, and the impression has
been formed by the writer thet this particular food
is not always reliable.

Just as concentrated foods wilil uswally pre-
vent pining, so they are afrectivé as a cure if given
in time. A pining sheep, if put on to concentrates
in the early stages, will show recovery in three or
four weels. The great difficulty regarding the
question of concentrates, however, is that it is ime
practicable on the majority of hill farms to use them
either to hoggs or ewes in ordinary practice. When
such sheep begin Lo pine, therefore, they have never
been accustomed to eat out of a box and so cannot be
rade to take this form of feeding however much they
may require it. To teach them may talke many weeks,
and by that time they will bw far gone in pining.
the method is only open to those whose sheep have
been acdcustomed to the use of concentrates at some
previous period. ’his also applies to the putting
of pining sheep on to roots. (Unless they have

previously been accustomed to roots, it talkes a
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considerable time before théy willl begin to eat them.

In the majority of cases, therefore, the
farmer has %o rely on grass as a cure.  If heather
of a suitable type is available in the neighbourhood,
this also may be used.

On some farms there are enclosures with a
better gquality of soll than the hill land on which
pining sheep will tend to mend if drawn out in time.
Clay land is of the greatest value. Clay on Andes-
ite iz gzood. On one pining farm on the Andesite
with seven enclosures, the only one that is known to
have any value in turning piners consists of a loamy
soll with s clay subsoll and is sitvated at a lower
el evation. this enclosure is largely used for the -
purpose, but is mainly effective in the early stages.
The other enclosures are also used but contentrates
require to be fed otherwise they are qulte useless.

there there is no land of a sultable nature
on the farm, and where there is no hope of getting
affected sheep Lo eat concentrated food, the plning
animals require to be sent away.  On suitadle
pasture or grazings they make a good recovery.

On some hill farms, however, any sheep that
develop pine between changes are merely left to take
thelr chance.. The larbs are taken off them, 1if they
are at the nursing stage, and in the course of time
a2 proportion of them may begin to improve. The

rajority, however, go downhill and ultimately succumb.
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Care requires to be exercised in all cases
where pining sheep, or any other sheep, are changed
off the hill on to rotation grass, especially in early
SUITMeT. fhe flush of grass is apt to cause i1igest-
ive disturbances and there may be a considerable
death rate if the change is made suddenly. Iﬂ the
same way, the feeding of concentrates requires to be
introduced gradually until the sheep have become
accustomed to the new dietb.

fhe time requlred to effect a cure of nining
in practice is about three to four weeks, if taken in
the early stages. If treatment is delaysdi, however,

three or four months may be required.
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11. DHE INFLUSNCE OF PINE IN THE EAST BORDERS ON

OPHER DISZASES.

Apart from nining, the Hast Borders are
relatively free from serious outbreaks of dlsease.
Indeed, several diseases which are common in neigh-
bouring areas are almost entirely absent. fhe com=-
paratively dry ¢limate and free-dralining soil tend to
wakke the conditlons healthy in many respects for
sheaps here 1s the further advantage ﬁhat under
these conditions it ls possible Lo secure hay in
reasonably good order in most seasons for winter
feeiing. It 1s also well established that the
changing of the ewes in autumn acts as a stimulus
which often proves of value luring the mating season.
These factors all tend to promote a fairly high rate
of fertlility. Added to this 1s the fact previously
mentioned that on several farms gimmers are not bred
from, and so the production rate in respect of ewes
actually tupped is improved. This fact requires to
e borne in mind in censidering average production
flgures for the area.

3roadly speaking, under condltions of manage-
ment in the area,the plning tendency doas not have a
marked effect in favouring the occurrence of other
diseases. There are one or two excepntions which

are pointed out later.
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The Lamb Urop in the Hast Borders.

Practice varies in regard to.the number of
¢rops of lambs taken from hill ewes in the area. In
the survey made of 26 farms during 1935, it was found
that & crops of lamds were taken on 6 farms, 4 crops
were taken on 14 farms, 3 c¢rops were taken on 5 farms,
while one farm ran a flying flock of cest ewes. B
c¢rops are normally taken ofi Blackface stocks and 4
¢rops off Cheviots. fhose farms where 3 crops are
taken mainly represent Cheviot stocks in which gimmers
are not bred from.

The percentage of lambs reared ner ewe is
high. fhe survey on 26 farms during 1935, which was
quite a normal year, showed tha: out of 17,638 breed-
ing ewes, comprlsing hill stocks, the c¢rop of lambs
was 92.38 per cent (page 75). "his was the percent-
age arrived at when counts were made by farmers at
cutting time, and excludes losses among lambs during
the first few weeks of life. The actual percentage
of births, therefore, would be represented oy a higher
figure. 4,329 of the apove ewes were located on
farrms where gimmers are not nut to the tup, and there-
fore these ewes do not include gimrmers.

Regarding the actual birth-rate, figures are
-diffieult to arrive at, as counts are not always made
at lambing time. One farmer, however, who herds one
of his own hirsels, kindly supplied information in

respect of his total breeding stock of 800 Cheviot
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ewes and glmmers. Glmmers were bred from in this
instance. Particulars of births on this farm are
ghown in tabular form for each of three years, toge-
ther with the corresponding number of lambs at cutting

time. .
Ewes. Lambs Lambs atb Lambs at

dropped. cubtting cutting.
time. per 100
No. No. Noe ewes
1955 800 908 758 94.%7
18954 800 849 779 97. 3
1933 800 860 759 94.8

The farm is situated at an elsvation of 750
feet, rising to 980 fest, and is much addicted to
pining. Regular changes of the flock, however, are
made btwice yearly.

In a Cheviot flock of 760 ewes running on
roderately pining land at an elevation of 1100 feet,
rising to 1400 feet, 60 ewes were without lambs in
1926, while 16 ewes had twins. These figures are
fairly typlcal of the farm in question.

There must be few hill districts which can
show & higher percentage of lambs than the Hast
3orders, where the average count at cutting has been
shown to exceed 90 per cent. losses between cutting
and weanling are as a rule only slight. Representat-
ive flgures are difficult to obtain for other parts
of Scotland. Certain eastern districts such as the

Lermermuir country would no doubt equal or even
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exceed this percentage. In some wesbern areas, on
the other hand, as in parts of Argyllshire (52),
the number of lambs reared may not exceed 50 per cent

of the ewe stock.

fhe Occurrence of Other Diseases.

During the survey, an enauiry was made on
pining farms in the East Borders into the occurrence
of sheep diseases, in sddition to plne. fhe average
results of this enaquiry are shown in the table follow-
ing and are referred to in succeeding paragranhs.
They are average figures for the two years 1934 and
1936. .In those years the feeding of mineral mix-
tures, apart from the occasional use of proprietary
rineral licks, was as yet unknown in the area, and
the figures, therefore, are not influenced by this
factor. Complete data could only be obtained from
12 pining farms as several farmers 4did not c¢are about
digsclosing full particulars. Partial data, however,
relating to particulsr dlseases was obtained from
some of thede farmers and this is included where
reference is made in the text.

In all cases, the information was got by
personal interview with the stock~owner. In most
instances, they were zood enough to consult their
record oooks for precise figures. These figures,
therefore, in so far as they refer to such matters

as the total death-rate in ewes and hoggs, and
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lamding returns, are of considerable accuracy. nen
it comes o the allocation of deaths and pathological
conditions under dlfferent heads the information is
less adcurate. The figures are as near as can be
got for any area and will serve to give a general
impression of the commoner diseases occurring in the
district.

Aversge Annual Incldence of dDeath and Dis-

gase on 12 Pining Farms in the Hast 3orders.

Average of the two years, 1854 and 1935.

Total Btock = 11,634 Zwes, Gimmers,+ Hoggas.

Igtal.ﬁeath Rabes

Kwes and Gimmers 3«12 per cent.

Hbgga 4.01  per cent.

Death from Pine.

(excluding lambs) .34  per cent.
Pined Sheep.

(exeluding lambs) _ 2.27 "
Tup 8114 Fwes. ' 2.01 .
Abortion. 35 .78 n

3raxy in Hoges. 2.22 ¥

Lamb Dysentery. _
{per 100 owes) : .+ 88 At

Gragss Sickness in Lambs.
( per 100 ewes) 1+15 L

Liver Pluke. -
(Deaths) .16 .

Louping TI11. - -
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Death Rate.

e average annual death rate in ewes and
gimmers for the two years 1934 and 1935 was 3.12 per
gente OnIEB farws, including those in the above
table, the figure was 2.47 per cent. These figuras'
pear out the fact that the district, although pining,
does not have a high death rate. In parts of west
Scotland, a death rate in ewes of around 10 per cent
is not vncormon (52).

' e seme remarks apply to hoggs. The average
annunal death rate was 4.01 per cent. Hoggs were
wintered at home in 10 out of the 12 farms but were
changed in anbtumn for three weeks or thereby in all
cases. The comparative healthiness of the grazings
in winter for hoggs no doubt largely accounts for the

practice of home-wintering.

Pining.

Deaths from pine are small. The -protracted
course of the dlsease usnally allows an opportunity
to give treatment wlth some success.

The Incidence of nining has alrsady been
discussed (page 54). The figure of 2.27 per cent
given in the above table relates to the whole flock
(excluding lambs ). fhe figure of &.0 per cent |
stated previously on page 54 refers Lo the ewe stock
- only. fhe practice of changling hoggs lmmedlately

after weaning is so well established that compara-
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tively few hoggs becuﬁe affected.

Tup-Eild Ewes.

Tap~eild ewes represent one of the chief
sources of loss, the figure being 4.01 per cent. It
is generally distrionted on all farms. o sdme
extent it is counteracted by the changing of the ewe
stock in aubtumn and thereby promoting an improvement
in bodily condition when the tups go out in November.
Such & long period often elapses, however, between
the change and the commencement of tupping that the
beneficial effects on fertility way have largely
disappeared. On the farm with the highest incidence,
namely 13 per cent, which is much higher than the
average, the ewes were c¢hanged in August for only two
weeks. The effect would in this case be largely
lost by btupning time.

It seems clear that pine disease may often
tend to have a more or less direct influence in
giving a falrly high proportion of tup-eild ewes.

The somewhat lower state of vitality of the stock,
particularly in severe weather at tuppring time, would

naturally have this effect.

Abortion.

Shepherds have sometimes stated during the
enquiry that there ls more abortion on pining places,

particularly if s check is receilved about two months
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after pregnancy. One or two shepherds stated that
ewes which abort early way be reported as tup eild.
It is probable that there is some truth in this but
how much is impossible Lo say.

rﬁis questlon apart, one would have expected
to find a fairly clear correlation between ahdrtion
and pining. The figures for the two years under
review, however, do nobt show a high incidence of the
troudles On 7 farms the regular practice of chaﬁg—
ing the ewes in February or ¥Yarch was carriel out,
and this no doubt was beneficial in the latier stages
of pregnancye. fhe highest individual losa was 5 per

Gento

Braxye

An outstanding feature disclosedi by the
survey is the definite connection bebween pine
disease and the incidence of bLraxy. 3raxy 1is
largely absent from the area. Out of 16 farms with
2862 ewe hopggms. which were sll wintered at home after
the usual change in Aungust or Septémbar. the average
losa was only 61 hoggs, or 2.15 per cent. No wvaca-
ination or other preventive treatment was practlsed.
There was no braxy athall on 6-92 these farms, and
the highest loss st any farm was § per cent.

Several farmers whe did not give pracise.figures
stated that thelr losses were very swmall.

fhis is an example of a disease which is of
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listle or no consequence on the majority of pining
farms, while it 1s present to a considerable extent
in neighbouring districts at a similar altitude.

fhe explanation would appear to be that the stock on
pining land are not as a rule in that progressively
thriving state which favours braxy. Bleeding.was
practised in olden days in some Border districts and
no doubt the bendency to anaemis acts in the present

gase In a somewhat similiary manners.

Lanmb Dysentery.

Tamb Dysentery 1s common in many Border
distriots but at the time of the survey in the Bast
Borders only 10 out of 80 farms reported losses. in
one casé the loss of lambs, reckoned on the ewe stock,
amounted to B per cente Farmers are fully alive to
this insidious dlsease, and preventive measures are
fairly widely employed. Control by veccination of
the ewes or Inoculation of the lambs, however, is the
exception rather than the rale. tn only & farms was
this method practised, wliile on 9 farms the adminis-
tration of Lamb Dysentery Powders was in regular use,
apparently with success. These are proprietary
¢ormpounds and are held in high repute. They are
believed to suit certain famms, while in other cases
only vaccination or inoculatlion are successful.

There appears to be no direct correlation

between thig disease and pining. The fact that stock
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run fairly thickly on the grazings might be presumed

to favourn 1t.

Graga Sickness in Lambs.

his is an entero-toxaemia which generally
affects some of the best lambs from about three to
eight weeks old. It is also known as pulpy kiiney
discase. VMale lambs are most aubjeot. Lambs off
older ewes are mostly affected as they get more milk.
It is most prevalent in seasons in which the grass
comes early, providing flush conditions of herbage to
the young animale. The germs are belleved to be
normal inhaoitants of the intestinal tract but only
when certain favourable conditions for their develop=-
ment are set up do tﬁey multiply and prove'fatal.
It will be seen from the table on page 110 that this
disease was responsiole for slightly heavier losses
than Lamb Dysentery. It was present on all farms
in addition to the 12 farms where special enquiry
was made. A chedk to the anima1 appears to be help=-
ful in preventing the onset of the disease. Some
farmers, therefore, c¢ut and dock their lambs as soon
as an outorealkt oeccurs, and this helps to stop further
losses.

PThe disease 1ls allied to Lamb Dysentery, the
causal organism belng reputed to be a straln of B.
welchii (53 and 54). "hose farmers who have vacc-

inated or inoculated against Lamb Dysentery find that
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the lambs are rendered less liable thereafter Lo grass
gickness. ‘his does not, however, entirely prevent
it.

“hether lamds on pining land are more liable
or less lisble to grass sickness than lambs on non-
pining places is a matter that would recuire dété from
both types of plactes for an answer. Recent work in
New Zealand (55) suggests that there is some correl-
ation bDetween the nutriticnal status of the ewe at
lambing and the snsceptibility of the lamb in carly
1ife. In New Zealand, however, the dlsease appears
to be most prevalent In slow-thriving lemos, while
docking and castration tend to precipitate the disease
this is quite contrary to experience in the Cheviots,
and seems to show that the discase there probably
takes a different form. f'he matter must remain for

the present undetermined.

Liver Iluka.

Losses from Liver Fluke are negliglole. Only
two farms showed any large numbder of cases, the great-
est loss being 4 per cent of the total stock of ewes
and hoggs. 12 out of 19 farms reported no losses,
either in 1934 or 19%56. The Ailsease is confined %o
areas of wet land. the 4dry conditions in the region

as a whole largely rule out this particular dlsease.
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Louping 111 or Tremoling.

This is a virus disease affecting the central
nervous system of sheep and is carried by the Sheep
Tick (Ixodes ricinus). Out of 28 farms in the pining
oelt, only two reported the presence of this disease
and that only in a very slight degree, causing an
occasional death. Tigk-norne fever is unknown.
Ticks were observed nvy the writer in one of the above
instances. On 4 other farms out of the 28, bLicks
vere reported to be preaent-to a very slight extent
on certain parts of the grazings out they do not give
rise to louping ill or tick-borne fever. In these
cases the ticks are presumably free from infection.

fhe conditions in the Hast 3orders 4o not
appear to be favouradle to the davelopment of ticks,
although they are present in large numbers in the
Western Cheviots and on farms not far dlstant from
the pining area, causing heavy losses, Loasesf}rom
5 « 10 per cent from louping 111 occur on one farm
just dordering on the pining belt. In view of the
constant changing of sheep, infection could hardly
fall to become widespread were there not certain
factors unfavourable to these organisms. The pining
tendency in the sheep is, by 1ts¢lf, unlikely to have
any deterrent influence .- rather the reverse, for
ticks are numerous in some of the poorest hill
dlstricets in the Jorders. On the other hand, the

80il conditions on pining land probsbly present
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1imiting factors to their establishment. Cameron
(56) has pointed out that where the ground is dry and
well~-dralned, the tick will fall to become established
even when 1t is repeatedly introduced. He further
states that 1t flourishes on damp, ill-drained hill
pagstures with an acid soill and covered with a fank
growth of grasses. Farmers find Ehab old rough
heather also encourages them. These conditions are
much less prevalent in the Zast 3orders than else-
where.

It may be concluied, therefore, that the
sbsence of ticks and louping ill may be definitely
correlated with the nature of the plning area itself.
In other words, the conditions of soil and herbage on
the Andesite formation, - -on the Scottish side éﬁ any
rate, are unfavourable to the establishment of the
tiek pest. It is of interest to note that in other
parts of the Borders where particular farms are
affected with pining, it has been found that louping

i1l is often absent.

Lung ¥orm.

This is present on a few farms but to what
extent was not ascertained in the survey. The
symptoms resemble pine in some respects but 4iffer
from pine in that the gait 1ls stiff and stilted, the
dack is often slightly arched, scour is more or less

present, especially in hoggs, and the breathing is
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accelerated. Coughing is not always present. In
bad cases, a frothy discharge is seen around the
nostrils, and a fetid smell can often be detected at
the nostrils.

A severe infestatlon was observed on two
pin;ng farms, ooth of which had a certain propoftion
of wet land and, incidentally, had the 1aréest losses
frorm ILiver Fluke recorded in the survey. On one of
these farms, part of the land is pining and part non-
pining, separate flocks being run 6n each section.
fhe non~pining part has, if anything, the greater
amount of wet land. Sheep on the plning land have
always shown a greater number of cases of lung worm
and more severe asympboms of the disease than thoae on
the non-pining land. The debllitating effects of
pining are in this case held Lo renier the stock more

subject to lung-worm atback.

Stomach and Intestinal Vorms.

This guestion has already been referred to.
There is litctle doubt that a trace of pining among
steck réduoes thelr resistance to these parasites
vhich may therefore contribute to the onset of the
malady. The actual part played by worm infestation
in the aetiology of pine, however, has probably been
exaggerated in the past. It is significant that no
farmer in the asrea considers that worms have any

direct connection with the disease.
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Preognancy Toxaemia.

It is commonly stated that this disease is
confined to lowland flocks. Hves caréying twins on
hill farms in the Hast Borders are, however, sublect
to it, though the percentage of ewes in the twinning
category is not high. Several farmers in the
district have been aware of thias disease for many
years. A farmer with a life-long experience of the
area stated that most of the losses 1in ewes before
lambing occurred after a severe winter with ewes
carrying twins. 3ince preventive measures against
pining were introiuced on this farm, losses from this

cause have been reduceds.

It has been shown that uvnder conditions of
management on pining land in the East 3orders, the
productivity of ewes is fairly high compared with
some Scottish areas. There is, however, room for
improvement. Death among ewes and hoggss is com-
paratively light.

From the enquiry into the prevalence of
various diseases on pining land, there emerges the
finding that the incidence of braxy is extremely low,
while louping 111 is practically non-existent. 3o0th
these conditions are directly dannaeted with the
aetiology of pining. 'he relative freedom from

braxy is largely due to the rather lower standard of
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vitality in flocks on pining land. fhe absence of
louping i1l is due to unfavouravdle ground conditions
for the multiplication of the sheép ticlk.

As regards the debit side of pining, the
number of tup-elld ewes tends to increase on pining
land, and probably some adverse influence is éxarted
on the rate of abortion. That this is so is support-
ed by the fact that measures which have been success-
fully introduced by the writer for the control of
pine disease have also been effective in reducing the
number of btup-elld and aborted ewes on hill farms in

the pining area.
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12, GEOLOGY AND SOILS OF THE PINING AREA.

According to Peach and Horne (57) the
Southern Uplands of Sc¢otland and the Cheviot Hills
form the rermant of an ancient platean which sub-
sequently became highly denuded and modified 5y
geologleal intrusion. The plateau consisted origin-
ally of a 1arge mass of 3ilurian rocks of sedimentary
origine. This Silurian platform became buried under
younger deposits. Throughout the ages, however,
these younger deposits nave been gradually removed
over enormous areas and now esxpose the original
foundation of 8ilurlien rocks in the Lammermulr Hills
and the hills of Peebleshlre and Selkirkshire.

In the Cheviot Hills, with which we are
mainly concerned, the Silurian platform is stlll
largely buried under younger strata. . In the Hast
Borders 1t only comes to the surface in a few irreg-
ular patehes. One of these occurs at the head of
¥ale Water, forming most of the hill land of bthe
farms of Upper Hyndhope and Wether Hyndhope.

Another occurs to the west of Higerston by Camptown,
Edgerston Rig, and Mervinslaw. A third patch runs
from Oxnam in the direction of Crailing. The
ma jority, though not all, of the farms on these
tracts of the Silurian formatlon are free of pining.
The great mass of rock which now overllies the

S3llurian over the greater extent of the hills of the
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East Borders is the Andesite, or,as it was formerly
termed, the Porphyrite formatioﬁ. (58)« These
rocks represent a great lava sheet which was poured
out at the surface during the Lower 014 Red Sandstone
age. Geike (59) states, "This volcanic pile,
consisting mainly of bedied andesites which rest
unconformably on the upturned edges of Wenlock shales
and grits (Silurian) present a most typical display
of the lavas of the Lower 0ld Ked Sandstone”. He
further states that the thickness probably amounts to
gseveral thousand feet.

The Andesites begin in the viecinity of Carter
Bar and run eastwards through Yetholm. The total
distance is approximately 16 miles, with an average
width from the Scottish 3order of about 6 miles.
The area mainly consists of hill land. All bat a
small part of the Hast Borders is, therefore, compos=-
ed of this formation, and with certaln exceptions
this also constitutes the pining belt. Portlions of
the Upper 01d Red Sandstone occur among the Andesite
at 1ow§r elevations but these are of limited extent
ani are generally pining also.

Imediately to the west of the pining belt
lies the Carboniferous formation but this is largely

free of pining except in a few localised places.

Glaclal Action.

¥ost of the area shows traces of severe

glaciation. No drift maps have, however, been
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produced for this pert of Scotlandi oy the Ordnance
survey. The hills, partlcularly at lower elevations,
generally present a steep cliff«face to the west or
south-west where the pressure of ice has worn them
aways. 0f glacial debris, however, the remains are
not always abundant. They often form a shallbw
covering on some of the lower flats and slopes, and
ray oe found as fairly deep deposits.in hollows and
along water-courses. 'he materlial, however, appears
to consist mainly of Andeslite drift. Towards the
western part of the area where the Tpper 01ld Red Sand-
stone abutts on the Andeslite, traces of sandstone
raterial have been carrieé eastwards for a mile or
two on to the Andesite. T[his can be seen at ¥iddles-
knowes and at Swinside Townhead. Where the Silurian
lies adjacent to the Andesite, the land to the east
may have had Silurian or other 4drift superimposed, as
at ﬁennieston,.vpper Samleston, and Cleuchside. The
s0ll here ls heavy clay and these farms are not
pining. On the other hand, the Andesite rock in
this locality is much harder and finer in texture,
and shows a relatively small proporilion of pheno-
crysts. Rock of this type tends to produce a heavy
type of soill.

Pakking the area as a whole, the soll over
very large sections of the Andeslte appears to have
arisen directly from the underlying rock. In other

parts, it consists to some extent of Arift material,
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Compogition of typical Andesites.

extrusive igneous rocks,

125.

Andesites belong to the Intermediate class of

very bpasic.

composition from various centres in the

G

eike

(58) gives the approximate

being neither very acid nor

tast 3Borders.

Details of the percentage composition are set out in

the table below.

CoeKlaw Cunvie- ﬁummﬂ% More- [Rennie-Mhllon

- fool . sCon. Dubs. | ballle.| ston. | AL
104 82.29 63.38 | 59.44 59.82 62.81 60.70
AlEO% 17.03 15.77 16.15 16.96 18.40 17.98
FSEOS «93 73 1. 05 .20 «55 .66
FeO 2.44 2.65 2.83 6.57 327 2.58
VnoO <21 . 08 .37 « 15 .81 .20
Cca0l 592 4.44 6.70 4.73 4.486 7.07
Vg0 Bl 1.88 £.46 2. 84 1.64 i 2.20
K0 1.4 1.88 3.18 2.63 3.60 | .57
NaEO 3.20 4.54 5.70 304 3. 02 2.95
H20 2 OF 4.69 5ﬂ55 - 4.04 3445
Hy50, « 37 - - Irace - -
Iéss 4.81 - - 1.98 - -

X This is COs (sic).
ouncan's Dubs and Rennieston are non-pining

sites.

l'he analyses disclose some variation in the

roportion of basic matter at different centres.
PTorx
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At Whitton Hill, for example, there is approximately
double the amount of lime and potash in the roek
compared with Cocklawfoot. All centres have apprec-
iable guantities of iron. This gives a character-
istic pinkish or reddish colour to the surface of
many of these rocks and alsc to the soils of the area.
Phe iron content is specially notevworthy in view of
the association of iron compounds with pine disease.
fhe rocks have the typleal porphyritic
structure showing a ground-mass of compact maierial
in which are set isolated c¢rystals, or phenocrysts,
of plagloclase felspar, biotite, etc. e eolour in
fresh exposures varles from a blackish grey to pink,
or bluish pilnlk. Near the surface this alters to a
deeper pink or to a reddish colour. There is often
much staining and kaolinization. The rock ususlly
exhlbits a somewhat coarse~grained texbture and is
often referred to by farmers as "spotted roek" or
“pastard rock”. This is also due to the amygdaloid-
al structure which Gelke stabes is the most character
istic festure of these rocks as a whole. The steam
vesicles are filled with various compounds such as
guartz, agate, calceite, and zeolite, glving a spotted
appearance, particularly at or near the weathered
surface. In coarse samples they are about 4 mm. by
4 mm. 'he majority of fresh samples have been
found by the writer to effervesce to a moderate
extent when treated with hydirochloric acid. The

ferro~-magnesian constituent is occasionally biotite.
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Samples of rock from VMiddlesknowes, Jedburgh, were
clessified by Dr. Campbell of the Geology Department,
Gdinburgh University, as Biotlte~Andesite.

The coarser btextured Andesites sometimes
weather into nodular fragments with a rounded or
eylindrical shape owlng to scepage water and frost
action setting up decomposition. In some places,
deposits of this broken rock are found to some depth
forming natural "quarries". The material is carted
off by farrmers for use as gravel arvound thelr premises.
The term "rotten rock" 1s often applied in view of
this pecularity In weathering.

From the pastoral and agricultural points of
views the main significance abttaches to the texture
of the particular'variety of Andesite. he writer
examined samples from all over the area and has been
able to correlate pining with this feabure to a
donsliarable extent. Thig part of the survey may be
surrarised by stating thet on those farms where
pining is worst, the rock is usually more coarsely
granular and more easily shattered than in less
affected places. It gives rise to an open gritiy
~soil from which the finer material is readily washed
away. Where pining is less severe, the texture is
finer, the rock is harder, and the solil to which it
glves rise is heavier. On the hardest type of

Andesite pining is absent.
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Physiographic features in relation o Pining.

It has been shown (60) that 3ush Sickness in
Hew Zealand ls associated with 1light, open soils at
high-lying locations which are eleVatedlaunve the
permanent water-table and therefore provide favourabnle
conditions for soil aeration and leaching. Large
flats of land at these altitvdes in New ?ealaﬁi are
most affected with the malady. the pgreater the
elevation of this type of land the greater the tend-
ency to the disease. Godden and Grimmest (25)
applied the New Zealand analogy to the Cheviot region
mbt thereby have fallen into error. fhere is not
necessarily any such connection between pining and
elevation. - Indeed, the higher lying land on many
farms is least affected with pining. This is true
of Thé Arks, Cocklawfoobt, Hounam Mains, Widilesknowes,
and others.

Various factors may come Into play at high
elevations, and proviie better soil conditions than
lower down. Climatic peat, for example, is produced
more readlly owing to the more humid coniitions, and
this tends to act as a filter which modifies the
s¢tlion of leaching. - It also supplies c¢olloidal
material which reduces the aeration of the soil con=-
stituents after the manner of ¢lay. Many of the
grassy kast Border Hills have a thin layer of climatie
peat or humus, one or two inches thieck, above the

1,000 feet level.  3eyond this height, therefore,
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s0ll conditions as far as pining is concerned may
tend to improve with increased elevation.

'he deepest and finest textured soil is often
found in the upper reaches of many farms, around the
ourn-heais. In these places the cutting action of
oarns, streams, and surface water 1s smaller.- there
is no great sweep of water to carry away the covering
of soll. 30il erosion is much less active.

One may carry the matter a stage further and
visualise the land features of a typlical valley as a
whole. It will be found,as a rule, that in hill
country as one ascends the valley from the lower and
middle reaches towards the watershed, the better is
the land and the sounder and healthier are the sheep
farms. The best farms will be found at the head of
the valley iiself. Phere are exceptions mut the
general princlple holds good. It is true of the
majority of valleys in the Borders, including 3orth-
wick Water, Bowmont Water, the Vale of Lttriclk,
iskdale, Jed Water, Kale Water, and Teviotdale. 1t
also applies in many Highland areas, of which Glen
Affric 1s a notable example. This phenomenon is
partly explained by the fact that as one proceeis
downstream fror the source, the valley becomes more
deeply trenched, the gradient of the valley sides
inereases and this quickens the processes of leaching
and erosion. the cowering of soll therefore necomes

thinner and coarser, the hernage is Inferior and
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liable to burn, and the stock are not so healthy.

In the upper reaches, on the other hand, there are
often greater areas of deep land even on the slopes,
and there is a much better mixture of all classes of
herbage. The conditions are more favourable for the
formation of peabt mosses which produce Araw méss and
heather of the best type.

From what has been stated, it wlll be apparent
that pining 1s more likely to arlise in a severe form
at middle and lower elevations on the Andesite.
fhis is generally so, though the shallowness of the
land over the area as a whole is a more pronounced

feature then in most 3order valleys.

S0ll Structure.

On cypleal shallow land which is so prevalent
on the Andesite, the soll structure is of the most
rudimentary type. A profile taken on the upper
slopes of Peg Law, Jedburgh, where many of the experi-
ments with sheep were carried out as referred to

later, is described below.

(1) Soil on the upper slopes of Peg Law, Jedburgh.

UNDERLYING ROCK Andesite.

PARENT MATERIAL Andesite.

TOPOGRAPHY AND Yoderate to steep slopes,
SELEVATION 700 - 900 ft.

RAINFALL 40 ins.

DRAINAGE " Good.
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VEGETAT ION Agrostis and Fescue. W%ell grazed.
PROFILE 1. 1-2" Vegetable debris snd
DESCRIPTION fibrous mat.

2s #=3" Black Amorphous humus.

3¢ 1=4" Dark redilsh brown layer;
coarse, gritty, and
friable; stony; roots
present.

4a : Rocks.

The above profile may be taken to represent
the upper slopes of individuel hill tops at elevations
up to about 1,000 fect. Beyond this elevation, the
layer of humus tends to increase, or the humus may be
incorporated with the soil.

These shallow soils appear to be bone dry for
the greater part of the year. Hevertheless, they
carry an exceedingly dense covering of leafy hervage
which only seriously burns in a dry summer,

A typlical soll profile at the bostom of slopes

where a deeper soll has formed is described velow.

(2) 30il at the base of Peg Law, Jedburgh.

ONDERLYING ROCK Andesite.

PARENT MATERIAL 3ilty matter from Andesite slopes.
Perhaps some glacial dArift.

TOPOGRAPHY AND S1lightly sloping;

BLEVATION 600 ft.

RAINFALL 40 ins.

DRAINAGE _fairly free; flush.

JEGETATLON "Alra caespltosa.

PROFILE le 0-3" Vegetable debris and

DESCRIPLIION fibrous mat.
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2¢ 0-%" Black amorphous humus.

%e ©=8" Fine sllty loam; dark
slaty ¢olour; fairly
compact; vroots.

4. 10-12" 3luish clay; motsled

1 red, particulerly along
root channels; compact,

B Rock.

A profile taken on a site above rotten rock

ls as follows.

(%) Soil on Rotben Rock.

LOCALITY : Riccalton, Jedburgh.
UNDERLYING ROCK Andesite.

PARENT MAP SRIAL Andesite.

POPOGRAPHY AND Rolling,

BT, BVAT IO 620 £t

RAINFALL . 40 ins,

DRAINAGE Good.

VEGETATION Agrostis, Fescue, Nardus.
PROFILE 1. 1" Vegetable debris and
NESCRIPPION fibrous mat.

2. #' Black amorphous humus.

Ze 6«9" Dark red-brown layer;
coarse, grithty, and
friable; roots.

4. 6" lLight reddish-orouwn
layer: mainly stone with
earthy matter; very hard
and compact.

5. 368" 1light red rotten roock;
(vellow or orange on ex-
posed surface); readily
shattered with pick;
fragments 2 cme Dy 1 cm.

G Rocke.
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On another location, at Upper Chatto, the
rotﬁén rock was of a brownlsh-grey colour, this oeing
more typical than the red colour in profile (3),
described above.

On locations under Velinia at ¥Middlesknowes,
the profile was 4" black amorphous humus; 3“.11ght
brown fibrous peat with earthy matter; 4-5" reiiish-
orown loam; 12" bluish clay, very compact. In one
or two places in thils Molinla area the ¢lay layer was
pleached a whitish or greyish colour.

Vo podsols have been observed on the Andesite
and it seems unlikely that they are present to any
extent.

Iron pan or "moor band" occurs in a few places.
It generally contains a good deal of stony material.
It can be seen at a depth of 10-15" under peaty land
with a wolinia type of herbage at Rlccalbon and at
3rowndeanlaws, and under peat with heather at Edger-
ston Tofts. The impeded drainage in these areas does

not appnear to have any ameliorating effect on pining.

Analyses of Pining Soils.

Godden and Grimmett (25) investigated the
gomposition of pining soll from a typlcal erea in the

Cheviot region. he results are set out below.



134.

Pining Seoil.

Mechanlcal Analysis. Chemical Analysis.

(on soil dried at 1009°C. )
per aent per cent
Fine Gravel 15.76 Nitrogen 0«45
Coarse 3and 16.74 Total PbGS T 014
fine Sand 15.88 Available PEOH 0. 023
8ilt 18.16 Total Kgo 0245
Fine 38ilt 1140 Avallable Kgo 0. 024
Clay 1.10 Total Caol 0. 061
¥oisture 8.94 M0 045
Loss on Ignition 11.16 Total Fego5 2160
Yatber soluble Citric
in dilute H C1 0. 96 Seluble Fezoq 0e 052
Total ¥n, 0O 0.19
100. 03 . R
Citric
Soluble anos 0e 043

Lime Requirement 0.52% CaCos
(equal to 2tons 18cets Cad per acre)

The outstanding feature of pining soll is the
small proportion of c¢lay and fine silt. | These soils
are dry and licht and subject to excessive aeration.
They form a poor foundation for the stock-raising
enterprise. '

The analysis shows & moderately good content
of available phosphate and potash. Hendrick (61)
gives the flgure of 0.01 per cent of avallable
material as usually representing the lower limit of

fertility for these constituents. In neither case
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do these figures reach this limit.

The soil is rather low in lime, with a Lime
Requirement equivalent to approximately 2 tons 18 cwts
per AGre. There are many solls, however, with a
somewhat similar lime reqgulirement, which are not
affected with pining. ‘

fhe figure for available iron shows that this
consbituent is présent in considerable guantities and
indicates that the cause of pining is likely to be
found elsewhere than in an iron deficiency.

No analyses of herbage are given by Godden

and Srimmebtbe.

Cropping characteristics of arable soils on Andesite.

The soils on arable districts on the Andesibe |
are characteristically dry and early. here are no
special problems in efop growing. They provide some
of the Dvest barléy soils in the Borders and are also
well adapted for roots. Rotation grass is usually
good, both Ked Clover and White Clover growing freely
with ordinary manuring and treatment. Harvesting,
even at elevations of 600 - 800 feebt, is usually in
advancte of low-ground dlstricts in the neighbourhood.
fhere appears to be little about the cropping results
in the area to suggest any particunlar deficiency
except in phosphorus, which, however, is a common
defigiency of farming land elsewhere. Thile the

land grows remarkably pgood crops, considering 1ts
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mechanical constitution, the farmer is well aware
that the produce is lacking in elements necessary for
the full maintenance of health and growth in live-

SbOBk.

Pining in other districts in the Border Ares..

It may here be éppropriate to make reference
o the occurrence of plne disease in other districis
in the 3Border Counties, apart from the East Borders.
Broadly spesking, the dlscase may be found on any
geological forﬁatian and in any 4district. 'here are
two ways in which the disease 1s manifested in these
locallities.

In the first place, it may take the form of a
regularly recurring disease ani involve the changing
of the flock on somewhat the same system as in the
Past Borders. There are many hill farms in this
category. On some arable farms also, constant
¢hanging between different parts of the farm is
necessary. A small pining belt of this nature,
which includes hill farms as well as arable farms,
lies on Basalt and Dolerite of Carboniferous age on
the ridge west of Jedburgh of which Dunlan Hill is a
prominent feature. Dunian and 3leck Law hills are
volcanic bosses of Olivine-Dolerite (&62). Some
portions of the 01ld Red Sandstone adjoining are also
pining. Phe hill of Rubérslaw in the ﬁaar-vicinity,

which is a type of Basalt with volcanic agglomerate,
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is prone bto a mild type of the malady. The Silurian
formation in many dlstricts of Roxburghshire and
Selkirkshire affords many examples of hill farms
where the disease regularly recurs every season.
The farms are widely scattered. Ireatment with
mineral feeding was successfully introduced dﬁring
the past four years by the writer on

& farms on the Dolerite,

2 farms on the 014 Red Sandstone,

9 farms on the Silurian.

In the second place, pining is found in some
districts when the sheep have got into a reduced
state, as after a hard winter. A proportion of the
ewes may show aevere'symﬁtoms of snaemim. It may
occur in some of the best localitlies, as in the
Tammermulr country. It is also found on some arable
farms on the 014 Red Ssndstone as well as on the
Silurian. This 1is a sporadic type of the malady
dependent on the season and the general standard of
nutrition, and while the exact cauvuse may not bde
identical with Hast Sorder pining it is significant
that it can be ooth cured and vrevented by the same
treatment. It has been found that mineral feeding
alone, wlthout any supoplement in the way of protein
or cardohyirate is sufficient to prevent and cure the
condition.

Apart from the recognised Ltypes of pining

referred to above, there is also a form of incipient
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anaemia or pining which is prevalent among ewe flocks
on all classes of farms and on all soils. Bwes
commonly appear to get into a slightly anaemic state
iuring pregnancy, although not always reaching the
e¢linical stage of pining. It is also found among
poorly nursed lambs and small lambs after weaﬁing.

In a large nurber of cases, a very marked response
has been obtained from applying mineral treatment as
for ordinary pining. On some 40 high-ground and low-
ground farms in this category, located on all form-
ations in the B3order Counties, mineral feeding has
been introduced by the writer with great beneflt to
the stock. .

It seems elear, therefore, that nine disease,
whether of the endemic, the sporadie, or the incipient
type, is a wuch more insidious and widespread malady
than has hitherto been supvosed. In the Borders it
is associated with soil conditions of a poor type and
also of a moderately good types, in practically every
district. Phe evidence furnished by this survey,
which has bveen conducted in oneé of the best farming
rezions in the country, seems to suggest that these
varlous forms of pine disecase are probably widely

distributed elasewhere.

SUTTADrY .

fhe pining belt in the iast 3orders is mainly

gituated on the Andesite, or, as it was formerly
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called, the Porphyrite formation. Small portions of
the 013 Red 3andstone and Silurian formations are
included in the area, and many farms on these sites
are pining also.

There 1s a correlation between pining and the
texture of the Andesite. The coarser grained
varieties are most affected with the discase.

Physiographlic features of the area require to
se interpreted with cauntion. Pining tends to be
worse at middle and lower elevations in hlll country,
rather than at higher altisuvudes.

Pining soils on the Andeslte are light, and
show a low content of ¢lay and fine silt.

Chemical analyasls of these sonils appears to
iniicate that there 1s no lack of aveilable iron.

Pining of the eniemic type is found in local-
ised areas on most geological fovmations in the 3order
Gounties, in addition to the Hast Borders. A
gporadic type of pining which is dependent on seasonal
and nutritional conditions is liable to oceur in many
1istricts. A form of Inclpient anaemia, akin to
pining, is also common. The same mineral treatment
hag been successful in dealing with all of these
conditions.

It is suggested that pining in one form or

another is common in all parts of Seotland.
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15. VYAP SHOWING THE PINING AREA IN THE EAST 30RDERS.

During the course of the survey, information
was obtalned from farmers and shepherds as to the
exact extent and locatlon of all pining land in the
mast dorders. This was plotted on Ordnance Survey
sheets on the scale of 6" to the mile. From the data
obtained, a map of the pining area on the scale of &"
to the mile has been drawn out and is shown on page 142.

'ne area marked out on the map includes all
land where pining is endemic and where shifting of
the sheep~-stock has to be carried out in order to
keep the animals in health. The fizxing of a precilse
ooundary was nobt always easy, as there are many biordes
line cases where, owing to the improved state of the
land under arable cultivation, pining way not show
itself.

Thlle the boundary given on the map delimits
the pining area, there are, nevertheless, tracts with-
In the area which are free of the malady. It is not
poasible to mark these out with any accuracy on a map
of thls scale, For the same reason, the degree of
pining, whether moderate or severe, is not shown.

For detalls rezarding these polnts in any particular
locallity, reference may be made to the Ordnance
Burvey sheets preparei by the writer.

A8 no geological map of the area is avallabdle

on the scale of &" to the mile, it has not been poss-

ivle to include a geologleal map in this thesis.
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14. SOME 30TANUICAL ASPECTS OF THE PINING AREA.

Corielation with Pining.

Reference has already been made on page 72 to
the general constitution of typical hill grazings in
the pining area. On an average of 11 hill farms, it
has Dbeen shown that 77 per cent of the land is estim-
ated to consist of shallow-land vegetation. Heather
on deep moss is almost entirely absent. There 1s no
doudt thaet a constitution of this kind in any part of
the country, taken in conjuncticn with continuous and
falrly Intensive grazing by sheep for long periods, is
likely to favour pine disease, in one form or another.
In some instances, the quality of the soil will be
sufficient to counteract anything hut a wmild btendency
to the disease. In the East 3Jorders, however, the
deficiency in the land is such as to precipitate the
malady in an endemic fomrm. It will Dbe noted that the
guality of the soil is the governing factor.

An increase in the proportion of deep-land
herbage in a hirsel or heft usually bdrings about a
corresponding reduction in the tendency to pining.
Particularly valuable are flush-land herbage and the
vegetation of deep alluvial flats. VYost vaivable of
all is heather on deen moss, the importance of which
has already been pointed out. It is the exception &o

find this on the Aniesite, but in one or two hirsels
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it occurs at a high altitude, and these grazings are
almost entirely free of pining.

On the other hand, the occurrence of a high
proportion of Nardus in a sheeps' grazing way sometimes
g0 along with an increased disposition to pining. It
tends to force the sheep on to the shallowest and
poorest land. Again, the predominance of Sheep's
Fescue over Agrostis on the sweet graﬁnd may point to
rather poor soil conditions and indicate some connect-
ion with the malady. 3racken is not directly associ-
ated with the problem, bk on ane 0 twe Samme A ix
present to a serious extent and interferes with the
grazing of sheep.

Apart from these tendencies, there is little
of a botanical nature that can definitely be associ-

ated with pining.
Nardus.

Hardus stricta, or Voor Wat Grass, is liable
to invade much of the drier and shallower ground
which carrlies the Agrostis-Fescue type of vegetatione.
A 20 per ocent incidence is common, while small areas
may contain 50 per cent and upwaris of this plant.

It is very irregular in its occurrence, depending on
grazing conditions and the lie of the ground. Where
grazing is most intense 1t disappears altogethers

On the deeper ground, Nardus is largely

guppressed by Alra caespltosa, Volinla, and other
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strong-growing species, particularly where these are
deeply tufted. It asserts itself, however, among the
short thin type of Volinia.

While Hardus constitutes a pest on hill
grazings, the accounts of ilts prevalence and ability
to spread which appear in the literature are not
always borne out in practice. Feﬂton (34) states
that c¢lose grazing by sheep eliminates the competition
of surrounding herbage and allows the inedible Nardus
to develop. He further asserts that it is always
worst where sheep grazing is intensive. This latter
statement, however, needs some qualification as it
rather tends to imply that the plant will be most
prevalent on those areas where there is the heaviest
goncentration of sheep. "he contrary, however, 1is
the case in the last 3orders. In a grazing amounting
to 292.5 acres, which was surveyed by the writer,
details of which are given later, 44.3 per cent of the
sweet ground was entirely devoid of Nardus. The
reason was that grazing was most intensive on those
partss The resulting turf was so dense and leafy and
so continuously cropped and manured by the sheep that
the plant was unable to gain a footing. This co-
incides with the experience of wost farmers in the
area.

The term "Nardus dominant” frequently appears
in the literature without data to show the actual

occurrence of the plant. One 1is left in doubt as to
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the exact significance of the title. A grazing wmay
appear to have a considerable amount of Nardus, while
agctual measurement may show it to oe rather a sub-
sidiary species. In one case, where Nardus was a
very prominent feature of the vegetation, and where
the writer roughly estimated it to account for one-
thirdi of the ground surface, the average of a large
number of line-frequency estimations showed that only
17 per cent of the ground was actually occupied by 1it.
fhe opinion has been formed that much of the land in
the district which carries Nardus has a somewhat
gsimilar incijence. Although such places show up
white in auntumn and winter,; it would not be strictly
gorrect to call the herbage of these areas "Nardius
qominant”. Agrostlis would pronably account for a

higher proportion of the herbage than Nardus.

The Occurrence of Bracizen.

It 1s the exception to find Bracken encroaching
on hill ground in the Hast Borders to anything like
the extent that occurs in some of the northern and wes-
tern parts of Hcotland. %ith the help of farmers and
shepherds, an estimate was made of the acreage of
3racken on 14 farms in the area. These farms com-
prised 27 hirsels and extendel to 16,844 acres of hill
land. It was found that some &,518 acres, or approxl-
mately 20 per éent of the land, is actnally covered at

the present time. This includes both thin and thick
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3racken. Particulars are setb ocubt in the table below.

TA3LE SHOWING ACREAGE OF BRACKEN

ON 14 PINING FARMS IN THE EAST 30RDERS.

No. of Hirsels - 27

Total Acreage of Land 16,844
Acreage of 3racken | 3,518

Pergcentage of Bracken 20. 88

Nos of Hirsels without Bracken 3

" " with 1-10% of Acreage 10 -
" = < 11-256% " 7
’ $ " 26-40% " 2
. . " 41507 i 3
v " " Bl-65% : 2
-+ i " over 657 ¥ -
27

It will be seen from the table that on approx-
imately one-half of the 27 hirsels there is either no
Bracken at all or an ac¢reage not exceeding 10 per cenb
On these grazings, therefore, there is no bLracken
problem, as the small acreage could readlly de dealt
with by systematic cutting. |

On the remaining hirsels, and particularliy on
5 of them which contain over 40 per c¢ent of Bracken,
the problem urgently requires to be tackled. A
public demonstration was arranged in the district by

the writer in 1935 when two types of cutting machines
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were put to work. The reaults showed that the
plant could be suppressed at a moderate cost per
acre Ly taking a definite sectlon each year and
eutcing it.over three times or thereby. The all-in
cost amounted to about 1/3 per acre for each cut.
The land in most cases is falrly accessible td
iﬁplamants.

It would be a mlstake to regard the whole of
the Bracken ares as more or less lost Lo sheep.

Fuch of it 15 thin short Bracken through which sheep
readlly pass. In a 4dry summrer such areas maintain
thelr herbage in a fresher state than on places where
there is no'aarreaponding cover from the sun. The
main drawback 1s that the grass is less able to with-
stand autumn frosts. From an examination of many
areas and the eviience supplieil by farmers, it is
estimated that less than 50 per cent of the bracken
land is inaccessidle to shéep.

Bracken 1s onlj found on the drief and rather
shallow parts of hill land, and ends abruptly on the
edges of the deeper and moister ground. It is
agsoclated with the Agrostis-Fescue type of herbage.
It is also one of the great competitors of Nardus.
Nardus is a light-demander and cannot telerate the
shade of Braclren. %“here the covering is thin, a
beautiful c¢lean sward of grass 1is projuced below 1it,
from which Nardus is entirely absent.

There is no direct correlation between piniﬁg
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and Braclken. Some of the worst pining hirsels have
less than 5 per cent. It contributes toe the malady,
however, on some of the more heavlily infested places.

Unjer the headings which follow, it is
intended to make short references to each of the major
types of plant settilements foﬁnd on hill grazings in
the pining area, apart from the occurrence of NVardus
and Brackens fhese are usually well defined, the
vegetation of the deeper and moister ground standing
out in high relief, while on thinner ani drier ground
the herbage 1s mainly reduced to bottom plants. In
the normal way, sheep on typicallhefts in the Hast
Borders have a run of from 200 to 300 acres which
includes many different types of herbage. A short
deseription, therefore, will give some idea of grazing
conditions on pining land. Plant associations on
hill land have been described for other areas (63),
but more from the botanical than from the pasitoral

point of view.

Areas under ¥Volinia.

Molinis caerulea, or Flying Benb. freguently
forms the dominant constituent over areas of deep or
moderately deep land where drainage is bad and water
tends to llie stagnant. A peaty layer is formed to
some depth from the accumulation of vegebtable debris,
and this tends further to impede the drainage.

Surface drains and ditches get blocked up with the
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withered follage and flowering stems which are carried
away by the wind. In the Borders, the plant is
usually referred to as 3Bent.

Associated with ¥olinia is Alra flexuosa,
which is winter-green and affords a slighb arount of
sustenance. fhere also occurs a thin sprinkling of
Sweet Vernal Grass, some struggling plants of 3lae-
perry (Vaceinium ¥Myrtillus), and Heather (Calluna
vulgaris). there Yolinla 1s not too deeply btufted,
3tool Bent (Juncus sguarrosus) may be plentiful, while
on the wetter portions,ﬁear’s ﬁair Grass (Scirpus
' caespitosua) may oceur in patches. On shallower soll,
¥olinia grows more on the flat. It is thinner and
shorter and may be accompanied by a goodi deal of
Nardus.

Volinia itself dies back to the root-stock in
winter and provides no winter grazing of any kind.
the only herbage of value on this land at that time is
the thin sprinkling of other species assoclated wilth
it. Apart from this and some young growth in early
sumners the tracts of Volinia form the most useless
of any section of vegetation in the Hast 3Borders. It
is not eaten by sheep except in the very early stages
and comes btoo late to be of much assistance. In some
instances, it is cut for hay but is unable to stand
repsated cuttling.

The approximate composition of a "pure"

¥olinia area was estimated by 30 line-frequency
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jeterminations btaken in Appril. hese pgave the
following results.

per cent of surface

Tufts of Volinisa 330
i Juncus squarrdsus 8.3
5 Areen Yoss ' . Bal
» Nardus 1.5
¥olinia untufted, with
subsidiary specioes 54.2
100.0

fhe soil profile is that given on nage 133.
the soil under Volinia is often some of the best in
the grazing. Improvement of these areas would spread
the sheep and would represent a ¢lear gain to the

grazing in nutritlion and hyglene.
Heather.

Heather may occur on mineral soil with a
slight aimixture of humus, or with a thin covering of
one or two inches of humus, when it is known asg lea
heather. It never grows strongly in such places and
tends to be suppressed by sheep. Heather growing
among Molinia also suffers from the onslaughts of
sheaep. In the absence of any large proportion of
heather from the grassy hlll-land of the East Borders,
reliance has to bhe placed upon Alra caespitosa and
¥ixed Deep-land herbage for winter grazing, together

with a supplement of haye.



151.

Areas under Aira caespltosa.

in ieep-land.areas where the surface is liabdle
to flooding, but in which the water does not lie
stagnant, the jominant herbage is Alra caesnitosa.
It is the main indicator of deep-land on mineral
soil. Yhere the coniitions are wet for long periods,
Rushes may become plentiful. Alra caespitosa also
occurs where {lush coniitions prevall on any contour
and on any dgpth of soll, but it reguires deep land
for proper developmendt,

Nineteen line~frequency determinations of the

vegetatlion, taken in April, gave the following

results.
per cent of surface

Tufts of Alra caespltosa 25.28

i Agrostis-Fescue 5.0
» Rushes 2.78

Partly bare ground and some

vottom herbage 66.94
100. 00

'he tufts had an average depth of 8 inches,
above the surface. In summer, the strong foliage
covers most of the apaces between the tufts. There.
was =2 siight amount, however, of bottom herbage
gomposed of Agrostis, Holcus, Anthroxanthum, Poa, ete.
The soil profile on one of the sites is given on
page 131.

Aira caespitosa is by far the most valuable
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plant in stormy periods in winter. fhe plants are
never without young green shoots, while the outer
leaves retaln a green shank several inches long.
Frost appears to soften this coarse material. The
root=-stock is succulent and edible. Then snow is
deep it can be scraped away from these tufts more
easily than anywhere else. A grazing with a good
proportion of this class of herbage is well fortified

o withstand a severe winter.

Vixed Deep-land Herbage.

Yhere drainage is of an intermediate characten

being slightly impeded, one gebts, on deep land, a
mixed herbage composed of Alra caespltosa, Hufts of
Agrostis~Fescue, Molinia caerulea, Nardus sitricta,
Juncus artioulatus (Spret Rush), Juncus sguarrosus,
and a bottom herbage of Agrostls, Holeus, Anthox-
anthum; Poa, ebc. In this case the soll generally
shows a surface accvurulation of hurus to some depth.
Thirty-two line-frequency determinations, mwade in

April on typlcal areas, zave bthe undernoted average

resylts.
per cent of surface
Mifts of Aira caesplbosa 12.0
# Agrostis-Fescue 13.0
9 Yolinia 9.0
- Nardus - 9.0
" Junens squarrosus e

Juncus articulasus, bottom !
heraage, atd, 53«7

100.0
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This is one of the most valuable classes of
land, as it provides a variety of herbage at all

seasons. It 1s particularly useful in winter.

Agrostls-Fescue on Deep Land and Semi-deep Land.

Mhe Agrostis-Fescue class of vegetation as a
whole usually occupies by far the larpgest proportion
of the land on hill grazings in the 5ast Borders. It
will seldor actount for less than 50 per cent of a
heft or hirsel. For pastoral-purposes. three main
types may be recogaised, according to the character of
the soil on which it 1is produvced, namely, (1) deep
land, (2) semi-deep land, and (3) shallow land. They
ell occur under comparatively dry s0il conditions
where there 1s free drainage at all seasons. They
also represent the areas which tend to be most zrazed
by sheeps

On deep land, this c¢lass of herbage may either
be c¢losely grazed like the sweet ground on shallow
soll, or it may get inbto rather a rough tufted con-
dition. Fugh depends upon the proportion it occuples
Lo the rest of the grazing. The herbage itself
conteing rather é higher proportion of Agrostis and a
less proportion of Sheep's Fescue than on shallow soil

The Agrostis-Fescue vegebtation on semi-deep
land grows stronger snd rougher 1ln summer than on
shallow ground. wlth a much greater proportlon of

flower stalks. The tufted hablt is a nobeworbhy
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feature. It can reedily be dlstinguished by these
characteristics. Alcng-with rough herbage of a
similar type on deep ground, it provides a reserve
soth of summer and of winter fodder. In perlods of
hard frost, sheep can often get green herbage free of
frost by working in this ground. The shallow-lani
vegetation may be culte useless at such times.

A distinetion is necessary between these
jifferent types, otherwlse a clear idea of the
character and potentialitlies of a grazing cannot be
obtained.

The Agrostis-Fescue vegetation of the shallow
ground ig dealt with in consideradble detall in suc~

geeding paragraphss

sprostlis~-Fescue on Shallow Tand.

This constitutes the sweet ground, or fine
ground, from the short leafy herbage it produces. it
way also be found on deep land, as already mentioned,
out only to a small extent in the East Borders. The
use of the term "sweet ground" is hereafter reserved
exclusively for shallow land, unless otherwise stabed.

3weet ground or fine ground is the preiominant
feature of the herbsge of hill land in the pining aresa
It occurs on shallow ridges and knowes ani on many
hill alopes, bub way occupy large tracts of the
grazing irrespective of contour. fhe herbage mainly

tonsists of the Agrostis-Fescue association, but on
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areas rondered molst by flush wateq,&iﬁa caespltosa

is somebimes found though the plants are small.

Fardus may be prevalent, as already noted, on portions
which are less inbtensively grazed by sheeps All the
sweet ground is much matted, showing l-l% inches of
living fibre and roots where grazing is close and
regular, I'he mat may increase o as much as 8 inches
in rougher places.

A common tendencj on parts of the sweeb ground.
usually on the flat topé of hills, is for the herbage
to assume a btufted or tussocky habit. 3ome 50 per
cent of these sreas may be covered with rounded
tuasocks 12-18 inches ecross, and rising about 6
inches above the surface. There is a very deep mat
underneath. The herbage'ccnsists of Sheep's Fescue -
in the centre with 2 fringe of Agrostiaz and Poa around
the margins. The herbage is less well grezed than in
the intervening spates and so the layer of surface
fibre grows upwards each years These alumps provide
shelter for the herbage growing between and also act
as a reservoir for water. Any disturbance in the
way of "imurovement” would destroy the accumulatoed
vegetation, andi the underlying layer usually consist-
ing of no more than 1 inech of soil would probably be
washed avaye.

fhere is usvally a fair amount of winter
grezing on the sweet ground up to the turn of the

year, particularly after a growthy aﬁtumn. In hawyd
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or snowy weather, however, it is Inaccessidle to sheepn

3otanical Composition of Pining Sweet Ground.

The botanical composition of the sward on
pining land was ascertained in some detall. Che
rough and ready rmethod of percentage frequencﬁ was
discarded in favour of the percentage welght method.
3amples were taken from the open hlll on different
parts of Peg law, Jedburgh, the top of the hill, bdoth
tufted and untufted, and the sides belng all included.
The elevatlon was 650 - 800 feet. Nardus is almost
entirely absent from thig hill, and any samples
showing the plant were excluded. The depth of
fibrous mat was 1-4 inches and the soil covering 1-4
inches. 'The soil profile is stated on page 130.

The conditions and the nature of the herbage are
typical of much of the sweet ground in the EHast
3orders.

Four sarples were taken in July 1935, eight
samples in July 19386, four samples In April 1937, and
one sample in July 1937. The first four samples
were of cubt herbage, each taken from half-a-dozen
places. The remaining samples were turfs. Rach
sample was separated into its different constituents
and weighed. dry matter estimations were made of
the constiltuents of eight different samples.

he following statement shows the average

composition of the sward.
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30CANICAL COMPOSITION OF PINING SWEEL GROUND.

Green Velght Dry Vatter

(Average of)
(17 samples)

per cent per'cant
Agrostis valgaris 38.49 54437
Agrostis canina frace frace
Festuca ovina 42.88 47.74
Other Fescues Trace Trace
Poa pratensis. J.28 8.22
Holcus mollis 4.01 5;7?
Anthoxanthum odoratum «H4 « 58
Aira caespitosa 161 292
Tuzuls campestris 1.55 1.40
Galium saxatile 1.08 l.02
¥iscellaneous: Irifolium « 58 « 04
repens, Zumex acetosa,
- Campanula rotundifolia.
100. 00 100. 00

The analysls showed that by far the greatest
proportion of the grazing was composed of Agrostis
and Fescue, these specties together contributing 82.11
per cent to the total herbage, in terms of Dry Vatter.
The relative proportion of these two grasses varied in
different samples. In eight cases there was more
Agrostis than Fescue, while in nine cases Fescue was
in the ascendant. Only a trace of Agrostls canina
was present. "here was also only a trace of other

Fegscues hesldes Festuca ovina.
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Poa pratensls accounted for 8.22 per cent,
while Holocus mollis gave 3.77 per cent. there was
little or no Yhite Clover. Crested'adg's Tall was
entirely absent.

The amoﬁnt of green Voas (Hylocomium) was
estimated in most samples bubt 1s excluded from the
above table. When reckoned in with the other
constituents, it amounted to 11.92 per cent of the
total Dry Matters

An outstanding feature of the hervage was the
high proportion of leaf and leaf-bud, and the relative
absence of flowering stem. Separate welghings of
leaves and flowering stems were made in all cases.

In the 13 samples which were taken in July, 95.6 per
cent of the green welght of the herbage was leaf, and °
only 4.4 per cent was flowering stem. Stems were
short, spindly, and green at the time of weighing.
fhese flgures well 1llustrase the dense sward of
foliage which 1s produced on the sweet groundi by the

constant grazing of sheepe.

Denslty of Marf on Sweeb Ground.

The turf forms a dense carpet of follage on
the sweet ground even in places where it may rest
almost directly on bthe solld rock. Southerly expos-
ures, however, on these places suffer from drought.

A count was made of the number of shoots

o¢curring in 3.29 square feet of herbage comprising
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gseven bLurfs. fhis showed 4,425 separéte shoots of
different apecies with leaves attached, eagh hhnot
being considerel capabvle of preducing a flowering stem
fhe density therefore amounted to 9.30 shoots per
sguare inch of surface. Festuca ovina providel by
far the greatest numoer, followed 5v Agrostis.  The
average denslty of the turf as regards leaf-bearing

shoots is shown in the undernoted diagram.
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The welght of the shoots in July was estimated
for the principal specles in the case of five samples.

No. of ‘telght Welght of
Shoots gms. 100 Shoots

Agrostis vulgaris 852 85411 9.98
Festuca ovina 2,646 88. 90 DeB6
Poa pratensis 182 13.50 730

Even in the case of the larger shoots, namely.
those of Agrostis, 100 of them at the period of
maximum growth in summer welghed little more that one-
third of an ounce.

It will be noted from the foregoing that the
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herbage of the sweet ground is ralativély fine in
character, and consequently exbtremely attractive to
shieops. fhese data fully explain the urge oxercilsed
upon sheep to settle and feed on this shallow pining
ground, particularly those sheep which are in the
opening stages of the malady.

It is curious how the view has crept into
the more popular literature that sheep wilill always
seek out the type of grazing netessary to keep them-
selves in health. If this were indeed true, most of
the problems of the sheep~farmer would disappear.
here would be little needl for shepherding throughout
the greater part of the year. The fact is that hill
sheep wlll look for a change of herbdage in their ouwn
interest only to a limited extent. Orr (64)
analysed agrass from "eaten" and "uneaten” hill pasture
and concluded that the sheep left the "uneaten"
hersage because it was poorer in mineral matter.
This; however, is only one factor in the gquestion and
may be entirely over-ruled from the sheep's point of
view by other consideratioms. It is significant that
in the figures pudblished by Orr the "uneaten" hervage
contained more fibre than the Yeaten". The habits of
the grazing animal, however, cannot be interpreted
from chemical data alone. The herbage must be in a
sultable form, otherwise sheep will neglect it. Fine
benty hay, for example, from old exhausted meadows 1is

usually preferred to the highly mineralised but
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relatlively coarse material from low-ground farms. In
the present instance, the high palatability of the
sweet ground, its relative dryness, its bareness, the
accessibility of its lawn-like surface, will always

attract sheep lrrespective of mineral content.

Yield of Herbage per acre on Sweebt Ground.

Given suitable conditions of moisture, the
yield of herbage from this type of land is consider-
able. Two enclosures, which together amountei to 87
square feet, were fenced off on the midile slopes of
Peg Law in order Lo arrive at an estimate of the yield
of herbage. fhere was 1 inch of méb. 4 inches of
soill, and the exposure was easterly. Cuts were made
in July and September 1937. The welght of Dry Matter
was ascertained.

Green Welght Dry Yatter

per acre.. per acre.

1937 _ tons c¢wks tons cwts
July 26th 4 5] & ]
September £8th )i 7 - a8
Total 5 13 1 14

The composition of the herbage may be taken
as approximately similar to the average composition
miven on page 157.

thile admitting that the plots were relatively
small and that the year 1937 was comparatively wet,
the point emerges that large stretches of shallow

pining land at elevations of around 1,000 feet produce
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a ylield of herbage comparable to good pastures in
aradle districts. It may be mentioned that this
particular hill regularly carries two ewes with lambds
per acdre in surmer. The explanstion probabhly is that
this kind of ground has always been intensively grazed
and manured by sheep for generations. The accumul=
ated mab with 1lts great range of fibre, or stolons, is
capable of storing up considerable reserves of food
material at certaln periods. fhe produce largely
arises from wanurial residues which are partly taken
from other sestions of the grazing. Probably only to
a small extent does the herbage come directly from the
soll itself. Thls is certainly the case where the
soil-co#ering reaches vanishing poiant but the herbage

still goes on producing.

Green Vinter Herbage on Sweet Ground.

Green meat in winter is of much value, partioc-
ularly for the pragﬁant animal. Apaft from contri-
buting an elgment of succulence bto the diet and its
valuable laxative proverties, it provides a source of
Carotene from which vitamin 4 can be synthesised (65)
This vitamin 1s often lacking from the diet of stock
housed in winter.

Observations on this point were made on the
herbage of sweet ground on Peg Law. The herﬁage of
the sweet ground remains vegetatively active in winter

to a greater extent than on other sections. Samples
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were cut from open ground that was being grazed over
in the usual way. Dry Matter was ascertained of noth
the green herbage and the withered herbage in the

samples.
1986 1937

Nec. 30th Yarech 30th

Green JHerbage

Dry Matter % 2744 16.2

Withered Herbage

Dry Vatter ¥ 7246 83.8

100.0 10040

The herbage at odoth dates was entirely
composed of follage and shoots, without flowering
st ems, It was from 3-5 inches long in December,
while in Mareh it was 2-4 inches long. About B30 per
cent of the ground, however, was then entirely bare.
There was hard frost and much snow throughout March.
It will Dbe seen from the table that the vegetation
retained a considerable content of green mabterial
throughout the winter, irrespective of weather.

At the end of December, 27.4 paf cent of the
total herbage was green material. There was a tobtal
of 12 owts. per aore of Dry Matter on the ground.
3y the end of Mareh, the proportion of green herbage
had oecome reduced to 16.2 per c¢ent, while the amount
of Dry Yatter per acre had fallen to 5 cwts. not
including moss. ¥uch of 1t consisted of rather
fibrous material prooably of little walue to sheep.

It will be seen, therefore, that hill sheep on
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grazings of this kind are never at any time deprived
of a supply of green herbage so long as the ground
remains open. In hard weather, some green meat can
be obtained in the deep land.

'he composition of the green herbage in

December and in Farch was ascertained in terms of Dry

Vatter.
COMPOSITION OF GREEN HERBAGE.
Dry Hétter.
Dec. B0th Warch 30th
% %

Agrostis vulgaris B2.35 50.4
Festuca ovina 58458 50+ 0
Poa pratensis 27463 14.4
Holcus mollis 1.2 4.2
Luzula campestris 24 1.0

100.00 - 100. 00

All specles were well represented in the green
herbage of sweet ground in winter. The above
analyses seem Lo bear out that the green herbage of
Festuca ovina snd Holcus is not so readily eaten as
that of Poa and Agrostis.

As regards winterégreenness generally, the
young shoots of most specles are able to withstand
the winter, whereas much of the more mature herbage
of the previous season dles back. Such apecies as
Alra caespltosa, Alra flexuosa, and Festuca ovina,
however, retain the lower portlons of most of the old

leaves Iintact. Juncus sguarrosus and Luzula
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campestris are, of course, almost enti&ely winter-
green. ¥olinle and Juncus articulatus, on the other
hand, disappear altogether. Newton, guoted by
¥arshall (66), found that winter-green tissues have
the faculty of transforming the free water of their
sap into a gel, or ¢olloidal form, which does not
produce ice crystals at low temperatures. Some of
the above hill plants are able to adapt their wmature
herbage to winter conditions in this way to a much
greater extent than appears from a casual examination

of the surface of the grazing.

Spring Herbage on Sweast Ground.

Some observabtlons were made on the composition
of spring herbage on this land. Samples were taken .
from the 20th to 22nd April, 1937, while hill lambing
was in progress. 'he season was earller that usual
for grass, The outstanding feature was the rise in
the proportion of Poa pratensis which is one of the
earlliest of graases. In the fenced enclosures, the
shoots of Poa pratensis were from 3-5 inches long on
April 20th; Holcus 3=-4% inches; Festuca ovina £-3
inches; and Agrostis 1%-3 inches. This corresponds
with bhé relative earliness of growth of these spediles
details of which were recorded over two seasons.

Regarding the proportion of Dry Watter contri-
onted by Poa pratensis in'spring, samples which were

taken on April 20th from the fenced cenclosure where
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the herbage was uneaten showed that 56.2 per cent of
the total green herbage was composed of this species.
he average of 7 datarminaﬁiona from the open hill at
this date gave 20.17 per cent. These compared with an
average of 8,22 per cent in spring and summer, as
stated on page 157. It is apparent, therefore, that
Poa pratensis, while it 1s a minor constituent of the
sweet ground in summer, is one of the most waluable in
gspring when new grass 1ls of paramount importance.

1t is probably not the most palatable of species, but
£ills an important place.

When the sweet ground comes away, the deep
land alsoc comes away. Alra caespibtosa is indeed
earlier than any sweebt land herbage. The deep zrouvund,
however, is much encumbered by debris from the
previous year which tends to delay the growth of much
of the botiom herbage as far as providing a supply of
meat is concerned. Sweet Vermal Gress 1z prominent
at this time. Molinia in 1937 remained completely
dead till Vay 13th. In some years it 1s much later.
This plant is useless for any productive nurpose at
the period when it is most reguired.

Considerable prominence has been given té the
composition and characterlstics of the vegetation on
sweet ground. The reascn 1is that this %ind of land
more readily lends ltself to rescord and odservation.
It also represents a larger proportion of ground on

pining farms than any other section of the grazing.
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The Herbage of a Non-Pining Farm.

Enough has been stated in the preceeding parts
of this section to show the general characteristics of
the herbage on pining land. In order to make a com=
parison with non-pining land, a farm was selected just
across the pining boundary. It lay at é similar
eltitude and ranged more or less within the same
contours 28 the pining grazings already referred to,
and the grazing described in detall on page + The
- vegetation was predominantly grass with a number of
patches of heather well distributed throughout,
growing on moss. The heather acreage was estimated
to account for 14 per c¢ent of the land. The under-~
lying rock was the Calciferous Sandstone series of the
Carboniferous formation, and the soill was a fine siit&
1oam. Viewed from a distance, there was nothing
about the vegetation to indicate in what category the
land might be placed as far as pining is concerned.
The stotk remain on this grazing without a change
throughout thelr lives. Pining is unknown.

3otanlcal analyses were made of the herbage of
the sweet ground on this famm. Three samples of cut
herbage were taken in July 1935, and five turfs in
July 1936. The constituents were separated and
welghed green, and the Dry Vatter calculated. The
undernoted btable shows a comparison between this

herbage and the herbage on pining land.
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30TANICAL COMPOSITION.

Pining

Non-Pining
Swueet Ground

Agrostis vulgaris
Agroatis canina
Festueca ovina
Other Fesgues

Poa pratensis
Holcus mollis
Anthoxanthum odoratum
Alra caespltosa
Tuzula campestris
Galium saxatile
Cerastium triviale

¥iscellaneous

Flowering stems :
per cent of total her

Dry Yatter
4
G437

Trace
47.74
Trace
B.22
3.7

100. 00

bage 4.4

Dry Matter
%
50.67

Prace
19.33
Trace
1010
12.19
5419

«14

«40
1.86

« 12

10000

4.6

fhe botanical analysis showed that while the

sweet ground on the non-pining land comprised an

Agrossis-Fescue association, it included a higher

proportlion of broad-leaved species, namely, Agrostis,

Poa, Holcus, and Anthoxanthum, than on pining land.

There was a much smaller proportion of Festuca ovina.

The small proportion of the herbdage represented DY

flowering stems was similar to pining land. The
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above composition, however, is similar to that found
in sweet ground on the deep land on pining farms.

The most that can be said about these analyses 1s that
shallow pining soills are generally associated with a
fsirly high proportion of Festuca ovina.

4s regards the proportions of different

clasgés of herbage, the acreage of sweet ground was
much less than usually occurs on pining farms. The
acreage of heather could not be taken to account for
much difference as many pining farms show more.
There was more ¥Wixed deep-land vegetation, however,
and more of the herbage associated with Alra caesnlt-
osae The resl distinction between the two farms was
the characbter and depth of soll.

| The sweet ground mentlioned above was on deep.
land, not on shallow. Instead of the thin open soil
of the pining land, the soll-structure in this case
was ~ 1«2 inches vegetable debris ani fivrous matb:
4«5 inches brown 8llty loam; 10 feet bluish clay,
streaked red in the upper layers. In some parts,
there was 4«5 Inches of black humus superimposed on
the soll, or partly mixed with it. While pining
farms generally have & higher proportion of shaliow
land, this farm was deep all over.
| In Qonclusion, it may be said that the herbage
is mainly of value as an indicator in so far as it
reflects the character of the soil, the proportion of

different classes of soll, and the soil-water relation-
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ships. Features that willl generally indiicate that

pine disemse in an endemic form is unlikely are :-
le Over 30 per cent of heather on deep moss.

2+ A high proportion of the sweet ground on deep
lani of good quality.

3« An abundant acreage of Wixel deep-land nerbhage,

and of Alra caespitosa.

Somewhst similar conclusions were arrived ab

by WacGowan and 3mith (8).

Sumrery.

1le Vith the exception of heather on daép moss;,
there is no class of herbage, as such, which is
sufficient to act as a saféguard against pining. The
decigive factor is the soll itself.

e "he proportion of different ciassea of veget-
ation nresent in a grazing other than (1) will afford
some clue as to whether pining is likely to be severe
or modisrabte.

8« Where there 1s a high proportlon of shallow
land with much Festuca ovina, severe pining may often
be looked for.

4o Nerdus and Bracken may tend indirectly to
favour pining on some farms.

S A classification is given of typical plant

settlements on grazings in the plning area.
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G 3Jotanical compositions on a pércentage—weight
nasls are given for shallow pining land carrying the
Agrostis-Fescue association.

T Dbservations are recorded rezarding yleld of
herbage, turf densit#. winter ani spring herbage, and

the herbdage on non~pining land.
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15. THE CONSTITUTION OF A REQULAR SHEEPS' GRAZING

IN THE PINING AREA.

~¥While several surveys of the botanical content
of hill pastures have appeared in the past, there has
80 far been no attempt in Scotland Lo form an accurate
estimate of the area comprised within a regular sheeps'
grazing by different plant seibtlements, and the part
they play in the economy of the grazing. T™is c¢an
only be done oy actual measurement. Without some
conception of the precise areas covered, little idea
can be formed of the range of grazing avallable to the
sheep in practice, and, in particular, of the amount
of winter grazing. 1t must be remembered that the
dominant factor in sheep~-husbandry is the amount ani
character of the winter herbage on the ground. On
this depends the rate of stocking and all that arises
from 1it. Grazings that differ widely in this respect
may be passed over without comment in the ordinary
survey. -Too often the survey becomes an end in
itaelf, instead of a part of a much wider probdlem.
In such cases, 1t largely ceases to %e of practical
significance.

The survey recently made of the grassland of
tales (67) will serve in some respects to illustrate
this point. Stapledon, while stating at the outset
that the engulry was concerned only with the agri-

cultural uses of land (68), makes no reference at all
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to the part played by any of these hiil pastures in
the sheep-farming enternrise of Wales. Land improve-
ment, however, cannot adequately be considered apart
frow existing practice. If 1t is suggested that the-
herbage alone was under considetation in this survey,
the internal evidence of the dook may be exarined to
see how far it satisfies the essentials of a scien~
tifie inquiry in this province.

In the first place, the classification of
plant communities (69) bears little relation to
pastoral use. There 1s, for example, no d4istinction
drawn netwaeﬁ the well-known types of Agrostis-Fescue
pastures as they occur in hill districta. There is,
therefore, nothing to indicate what proportion of
these pastures may partake of the nature of swest
ground and what proportion 1s rough ground. fhis
information is essential 1f any idea of the potential-
ities and value of this c¢lass of herbage is to be
obtained. Purther, the character, depth, and quality
of soll on any Agroatis-<Fescue areas which were mapped
is not stated. Without such knowledge, the herbage
alone cannot be regarded as a sure gulde to the scope
for improvement.

_Mhere 18 no reference to a plant of importance
in hill grazings and which gives character to large
afeaa elsewhere, namely, Alra caespitosa. Any
mention of this species is entirely omitted from the

book. Hooker (72) states it is found "Horth to
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Shetland ... ascends to 3,000 feet in the Highlands".
1t would be strange indeed if it were not to be found
in VWales.

The specific-freguency method of estimating
sotanical composition, which is of doubtful value for
pastoral purposes, was used throughout. No ‘percent=-
age-welght determinations nor any estimates of Dry
Yatter are glven. |

The constitution of typlcal sheeps' grazings
in various districts is not referred to.

The main work of the survey was carried out by
observation from motor cars (70), and by transecting
sample areas on foot. The results were afterwards
transferred to maps on the scale of 6 inches to the
mile, but large areas were dealt with on the scale of
1 inch to the mile. fhere is no record of anything
in the way of measurement. Anyone who has mapped
vegetation in hill country will realise the wide margin
of error involved Dy such procedure. It is certain
that without detailed examinatlion of the ground and
accurate measurement from fixed points,vegetational
types will frequently be shown to occur on places
where they do not exist.

Reference is made to the Ordnance and Geolog-
ical Surveys, and it is inferred that more widespread
grassland surveys in this country would be desiradle
(71)a It may bhe contended, however, that no survey

unless accompanied by accurate measurement and unless
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done on the scale of at least 25 inches to the mile -
is worth serious consideration. It seems to be
forgotten that the land is well surveyed already by
farmers and shepherds. What is regquired is some-
thing that wlll co-ordiinate and extend this knowledge

on a s¢lentific basis.

The Constlitution of a Pining Grazing described.

A regular grazing, or héft, in the pining area
was selected and surveysd in the summer and asutumn of
1936 and in 1937. 'he grazing comprised 292.589
acres of hill land and carried a stock of 260 South-
country Cheviot ewes. fhe area was completely
enclosed elther with stone dykes or fences, all of
which appeared on the Ordnance Survey map except in
one case where a fresh line had to be constructed.
Detalls of acreage were also given on the map. with
the help of an assistant, the whole of the herbage
features within the area were examined in detail and
measured off with a chaln and a 100 foot tape. The
data were transferred to Ordnance Survey sheets on the
scale of 25 inches to the mile, or 1 inch to 208.33
feet. Notes were made relating to the character of
the soil, and a number of so0il profiles were taken.

Ihe grazing extended from an elevation of 576
feet at the lowest point o 1,090 feet at the highest,
forming a long and fairly uniform slope, mainly in a

westerly direction. There was a moderate gradlent
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all the way,with some flat land both at the top and at
the bottom. 1t had the shape of a dog's leg, and,
taking the average distance from one end to the other,
it was 12 miles in length. The area was well watered
by several streams. There were no rock exposures or
bare surfaces anywhere, the whole of the grouni being
entirely covered with grass. he sweet or shallow
ground occurred at various polnts throuchout the
grazing, ooth at high and at low elevations, meking
the herding of the ground a matter of some difficulty.
The grazing had formerly been of a larger sige, but a
plece of bad pining land at the bottom had been fenced
off ,with benefit to the stoek. There were no cattle
on this grazing.

The sheep rectelve no supplementary feeding of
eny kind in winter, except a supply of hay when snow
is deep or frozen hard. ls normally occurs for
about three weeks eath winters Lambing begins on the
16th of April, by which time there is generally some
new growth on the sweet ground and also on the rougher
portions. In some seasons, however; it may partly be
destroyed oy labte frosts.

Further details regarding the pastoral status

of this grazing sre glven hereunder.

Rate of Stocking ] 0. 88 ewes per acre
Lamb Crop, at cutting 9443 per cent
dross oubtput per adre £l : 0 3 4

(T.ambs, Draft Ewes, Wool)
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Rent of Grazing £= 1 7 : - per acre
Shepherd's lazes £« : 4 : - per acre
Changing of Flock £« ¢ B ¢+ - per acre

This is a grezing with a comparatively high
rate of stocking and a large output per acre when
compared with moat sheep~Tarming Aistricts in Scatiand
It isy, however, typical of the better class of farms
in the Bast Borders where gimmers are bredi from. The
figure of £1 : 0 : 4 per adre representing output is
the average of the two years, 1936 and 1937, for
prices actually received for lembs, draft ewes, and
Wo0le _

On the other hand, the charges are correspond-
ingly high. Rent and the other items mentioned total
13/« per ascre, or 14/7 per ewe, but these charges afé
only part of the costs involved. They do not include
such items as the cost of tups, the provision of hay,
and the wintering of the ewe hoggs which go on roots
for three months each winter. The figures illustrate,
however, the comparatively small margin left to the
farmer after paying all expenses even in comparatively
good years such as 1936 and 1937. It is necessary to
add that within the last six years there have been
several seasons in succession when the returns barely
covered expenses.

The botanical constitution of the grazing is

gselh out bDalow.
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THE 30TANICAT, CONSPIPUTION
OF A REGULAR SHEEPS' GRAZING,

OR HEFT, IN THE PINING AREA.
Aores %
(1) Agrostis Fescue.
Sweet ground on shallow land 136. 340 46,60
(1-5")
Semi-deep (5-10") 26,315 ‘8.94
Sweet ground on deep land
(10=40"+) : 154145 5.18
{(2) Alra caespitosa.
Alra caespitosa on semi-deep land 1,074 « 37
(B=-12%)
Aira caespltosa on deep land 44395 1.50
(12-40"+)
tﬁ) Mized Deep Herbage.
Fixed Deep on sani-deep land 7762 2:65
(8=12")
Wixed Deep on deep land (12-40"+) 21.834  10.88
(4) Yolinia.
¥olinla on semi-deep land (8-18") 18.148 6«20
Volinla on deep land (12-30"+) 49,288 16.84
(56) Rushes. 1.845 + 69
(6) 3cirpus-8phaznum. 445 «15
(7) Heather. - -
(8) Draw Moss. - e
Total s.. 292.589 10000
3racken Ac¢res %
Thin 10. 044 3.4
Thick q“&1§§5 “sz
Tobal ees - Ze87

11.430
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The so0il profiles are in most fesgects similar
to those described on pages 130-133. The vegetation-
al types, thelr composition and yield, are those
referred to on pages 142-166.

Taking the whole area of this grazing, there
emerges the fact that 136.340 acres, or 46.6 por cent
of the whole, consists of the Agrostis~Fescue associ-
ation growing on 1-5 inches of soll resting directly
on s0lid rock. Fhis 'is a pining grazing partly due
to the large extent of shallow ground. Yany neligh-
pouring grazings, however, have a higher proportion
than this. -

The large area of Volinia, covering 23 per
cent of the area, tends to force the sheep on to the
ghallow ground in summer. The proportion of sweet' -
ground on deep land 1s too small to supplement the
ghallow ground. There is a complete absence of
heather and Draw Voss.

Phe occurrence of Nardus is of interest. On
those portions of the sweet ground which are moat
grazed by sheep it is entirely absent. Taking the
sweet ground on shallow land and on deep land, 67,008
acgres, or 44.% per cent, were found to be compleﬁely
free of the plant. This does not include sweet
ground under bracken which also is devoid of Nardus.

As regards vinter grazing, it will readily bde
realised that the sweet ground with its yileld of

winter herbage of somewhat similar amount to that
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stated on page 163, along with the semi—deep and deep=-
land vegetation, are together sufficient in an open
winter to carry the stock through with no supplement~
ary feeding of any description. In periods of hard
weather, however, lasting for any length of time, the
relatively small proportion of deep~land herbage and
the absence of heather malke the provision of hay
essential. In the Western Cheviots, on the other
hand., there are grazings so ¢constituted that the use
of hay is almost unknown.

An interesting point arises regarding the
abocking of the sweet ground. The concentration of
the sheep on these areas is obviated as far as poss-
ible by herding, but, as the shepherd has three
separate hefts to look after, the movement of the
sheep ¢can only be partially controllied. It is
estimated that, in the summer months, three~-quarters
of the grazing time of the sheep wlll usually be spent
on the sweet ground, both shallow and deep. This is
egulvalent to a concentration of 1.22 ewes per acre.
As a considerable part of the time, however, is
actually spent on those portions free of Wardus,
namely 67.008 acres, it follows that the ooncentfation
on these areas will probably exceed 2 ewes with lambs
per acre. This establishes the fact that on cetrtain
parts of the grazings of hill sheep the rate of
stocking 1s very similar to enclosed filelds in low-

ground farms. The msre fact that a very large
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acreage is open to the flock does not'always snsure an
equivalent dlstridbution of the animals. Yany
diseases of sheep which are associated with intensive
methods are therefore just as likely to occur on
certain types of hill farms as under semi-arable

coniitiqns.

Improvement of the drazing.

The judicious use of cattle would help to
improve some of the rougher portions, and particularly
¥olinia. As a public road runs through the grszing
for a considerable distance, however, this method has
peen found troublesome in the past.

The shallow grovnd is highly productive,
vielding well over 1 ton of Dry Matter per acre. It
1s 4ifficult to sec how this can be increased econom-
ically. It is rather o guestion of obtaining a .
petter quallty of herbage by stimulating white clover.
fThe application of manures such as Ground Vineral
Phosphate and Potash has already vielded good results
in the 4district. Strips could be treated here and
there. The semi-deep land might be dealt with in a
similar manner. with perhaps some harrowlng in this
case.

Any tampering with the deep land carrying Alra
caespitosa, or the Yixed Deep type of vegetation, is
not advocated. This land is of more value to the.
grazing as 1t stands than under any class of herbage

that might be introiuced.
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¥Yolinia land is most susceptibie to improve=-
ment. Something on the lines carrisd out by Vr.
Allan, Auchenleck, Kirkcudbrightshire, and described
oy Young (73), would probably meet the case. The
surface would require to be burned or cut over,
manured, limed, and seeded with cleanings. The cost
of such treatment is estimated to be adout £3 : 10
per acre. As the improvement would last for 5 years,
the annual charge would be 14/- per acre. if 20
acres were done, this would impose an annual charge of
11.24 per acre over the whole grazing, or 12.94 per
eWe. The questlion may be asked, would the improve-
rant of 20 acres, which after all represents only 6.7
paf cent of the area, increase the value of a2l1l1 lambs,
numbering 245, oy at least 1/1 per head? When all.
things are considered, it probably would. It would
require to be done, however, in strips in order to get
the sheep spread out and prevent the fouling of the
improvei area. There is no doubt it would be of some
value in counteracting pine dlsease.

If 40 acres were done over a period of years,
would this add over 2/2 per head to the value of the
lambs? his is problematlical, dut the project would
be worth trying. It must be reremdered that the soll
under Molinia in this grazing is good, and lts lmprove-
ment would represent a considerable gain to the ares.
It would probably be bhest, however, to run the same

number of stock as at present, not to increase 1t.
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Stocking 1s already high, and the improvement of deep-
land herovage would only partially relieve the high
concentration on the sweet ground. fhe improvement
of these Wollnia areas would be equivalent to a slicht
reduction in the rate of stocking which‘wouli be all
to the good. Along with m;neral treatment for plne
1isease, 1t would make the ehanging of the floak
uNNec es sarye

e improvement of hill~land lies entirely in
the hands of the farmer. If he foeels doubtful about
future prospscts in the industry, it is not likely
that such projects will advance wuch bHsayond the experi-
rmental stage. On the other hand, he will more readily
adopt measures by which nutrition and health.can be
improved oy administering feeding materials direct to
the stock rather than to the soll. In the East
3orders and'neighbeuring distriots, results of a
specbacular nature are being obtelilned in this direct-
ion, at trifling cost. The experiments by which thils
has been brought about and by which the control of
pine 1igsease has been effected, now fall to be

deacribed.

SuMMErye

1. It is desirable that grassland surveys be more
alosely related to pastoral conditions in the areas
1ealt with.

2. A regular sheeps' grazing in the Zast 3orders,
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amounting to 292.588 acres, was survayéd in 4detall.
A description is given of 1ts botanical and rastoral
gsbatus.

S Suggestions are made regarding the improvement

of this grazing.
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EXPURIMENTS ON THE CONTROL OF PINE DISEASE.

16. THE EFFECT OF A VIXTURE OF VINERALS AND VITAMINS.

In order to ascertain the effect produced by a
mixture of minerals and vitamins on sheep aonfined on
pining iand, an experiment was instituted in consult-
ation with Professor Shearer)at Middlesknowes, Jed=-
purgh, in November 1934. After the experiment was
arranged, the Animal Diseases Research Association
¢ollaborated with the work and defrayed one-half of
the cost.

In this exveriment, 40 Cheviot ewe hoggs, which
had been ored on the farm and which were intended to
form part of the regular breeding stock, were divided'
into two groups bf 20 each, and indlvidually tattooed
on the ear. They were put to graZe on adjacent
fields of rotation grass at an altitude of 800 fesb.
'he soll was of a light shallow nature typlcal of the
Andesite, and much addicted to pining. fhe hogges
were fed a basal ration of dried beet pulp, supple-
mented with hay when necessary. the test nroper
negan on-January 4th 1935. The feeding of the grouns

was as follows, per head per day.

Group (1) 4 ozs. 3eet Pulp (molassed),
1 0z. Vineral and Vitamin Mixture.
Group (2) 4 ozs. Beet Pulp (molassed),

No ¥Winerals or vVitamins.
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fhe mineral mixture fed to Group (1) was =

36 per cent Crude Oxide of Iron

27 o Steamed Bone Flour
27 N Salt
10 it Arachis 0i1 (1250, Jitamin Ay per G.G.)

(1250, Vitawrin D, per c.c.)

A1l feeding materials used throushout the
experiment were welghed and mixed by the writer.
Each day's feed for each group was weighed up in
separate Dagse Owing to the mild winter and the
confinement in the enclosed fields, éhe hoggzs developed
a tendency to scour. Plain beet pulp was therefore
suostituted for the molassed variety from January 25th
onwards. The experiment terminated on Vay 18th 1935.

Telighings were made periodically with the following

resultse.
@roup I Group II
Mineral Group Controls
Average Velght Average Veight
1lbs. 1bs.
January 4th : 60.08 58.42
February 21st 61.75 56453
Yay 18th ' 79645 76.27

Increase 19.37 Increase 17.85

For individual welghts see page 248.

The hoggs in the Mineral Group early estab-
lished their superiority. 3etween January 4th and
February 21st, 12 of them increasei in live-welight,
the average increase for the whole group being 1.67

1bs. per head. The €Gontrol Group, on the other hand,
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showed an average decrease in weight df 1.89 1lbs.
quring the same period. Only 6 of them showed an
increase in weight.

On February 21st, the Control Group was
considered to 'be on the verge of pining, which was
confirmed when the results of blood tests taken on
February 25th were made available. Owing to a heavy
fall of snow at this time, however, it was deemed
necessary to increase the feeling, and so the bdeet
pulp allowance was raised from 4 ozs. to © ozs. per
head, per day. Hay was also provided. This contin-
ued till Warch 7th. Phe control hoggs had by that
time improved, the exira feeding having apparently
staved off pining. 'his was unfortunate from the
point of view of the experiment. Thereafter, there -
was no sign of the 4dlsease, and the experiment was
discontinued on Vay 18th.

Throughout the test the Wineral Group were
much superior. They were fresher anid more active,
ani were much better than the farmer's own hopggs which
were being wintered on roots, hay, and concentrates.
They grew stronger in the bone than the controls and
were better developed in the head. Farmers who
examined ooth groups in June valued the mineral hoggs
at 3/- per head more than the controls. Thereafter
thev could readily be picked out in subsequent years
from the rest of the flock. ¥hile the amount of

minerals consumed was far greater than was found
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nec¢essary in subsequent experiments, the'results showed
that Cheviot hoggs can stand large gquantities of this

type of mixture without any undesirable effects.

Effect of Winerals on Scouring.

The mineral and vibtamin mixture had a marked
effect in reducing the amount of scour. "he numbers
affected in each group were recorded from time to time.

Jan. Feb. Farch April WVay

14th 2186 2lst 9th 3rd
¥ineral Group O 6 7 5 3
Controls 10 14 12 12 5

The Control Group had a greater number of
scouring hoggs and more of them were badly scoured.
They were ln a weaker condition. One of them qled in

April. There were no deaths in the MWineral Group.

3lood HEstimations.

In order to ascertain the condition of the
blood in the two groups, samples of dlood were taken
from 6 sheep in each group on February 25th, 1935, by

Dr. He Dryerre. The results were :-

Mineral Group. Conbrols.
No. Haemoglobin No. Haémoglobin
25 12.12 5 8490
a7 11.85 9 9.08
53 10455 13 9.64
36 9.24 14 Q.65
37 : 9.08 18 . 8«34

39 10.70 20 9.08
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Mineral Group. ' Goﬁtrols.
Haemoglooin Haemo;labin
Average 10.60 Average 9«11

This showed an appreciable Aifferecnce between
the two groups, the blood of the control hoggs being
poorer in Haemoglobin by some 14 per cent.

Average flgures for other blood constituents

were t-
Vineral Group. Sontrol Group.
mge per 100 C.C. mges per 100 C.C.
Serum Calelum 9ed 9.25
Inorgenic Phosphorus 5.2 345
Organic Phosphorus Se4 4.5

There wag therefore a marked difference in

favour of the Mineral Group in both inorganic and

- organic Phosphorus. Serum Calcium showed little

change.

VWeilght of Wool.

'he wool from both lots was weighed at
¢lipping time, but no appreciable difference was found.
The average weight was 3.37 1lbs. of washed wool from
‘the mineral hoggs, and 3.47 1bs. from the control
hoggs. there was apparently no check to the growth
of wool during the course of the experiment.

thile there was a striking dlfference in the
appearance of the two groups of sheep, the main
purpose of the experiment was not fulfilled. Pine

disease did not actually develop.
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Summary.

1e The feeding of a mineral and vitamin mixture
to hoggs enclosed on pining land was markedly bene-
ficial to health and growth. The condition of the
Dlood was improved.

2. The use of concentrated food in the form eof
neet pulp, at the rate of 4 - 6 ozs. per head per day,
appeared to act as a preventive of pining. The
belief of farmers in the efficacy of concentrated
foods for this purpose recelves support from this
experiment.

e In experiments designed to ascertain the cause
. of pine disease, the use of concentrated foods should

he discarded.
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17. EXPHERIMENTS WITH IRON COMPOUNDS ON EWES.

As the mineral mixture used in the previous
experiment had produced marked effects upon the health
and vigour 6f sheep on pining land, it was resolved to
carry out further tests to sece whether the caise of
pine could be sttrinuted to a ﬁeficiency of any one of
these minerdls, or elements assoclated with them. As
iron is of importance in the treatrment of anaemia, it

was arranged to c¢onduct tests with iron c¢oampounds.

1. Iron and Ammonium Citrate.

in the summer of 19756, an outbrealr of pining
occurred among ewes at ¥iddlesknowes. wo groups of
four ewes were drawn out and individwally marked. -
One of the groups was given iron and ammonium citrate
at the rate of 3% gms. per hesd ﬁailv for one week,
and every second day thereafiier for two weeks. The
iron saglt was adminlstered in the form of a ligunid
jose made up with an egual guantity of.watera The
other group received no treatment. 3oth groups were
enclosed on grass fields of a pining nature. The
sheep had been pining for some weeks and were in an
emaclated state. Vost of the lambs were also
affected, as will be seen from the accompanying
photograph.

freatment began on June Bth, 1935‘ There was

little change during'the first ten days. Within a



Pring Cheviol Ewes and |Jambs used in this e xperimenGIune*=y 1935,
Jio[é isT1ess  carxage, eyes _pca-li'allr closed |, 'sunfen wvodl;
~ lombs wasied” and  pining.

B e
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fortnight, however, there was a definite bturn for the
hetter’and within three weelks all pining symptoms had
gones 'he lambs also recovered and made satisfactory
Progress. On the other hand, the Control Group
showed no improvement either in the ewes or in the
lambs. A comparison of the welghts of both groups

was as follows.

Treated Group. Conkrols.
No. June 13th July 3rd No. June 13th July 3rd

1bs. 1bs. : lbs. 1bs.

& 735 90 2 59 68

] 77:5 87 4 5 B7

5} 68 68 7 94 o7

6 61 66 8 66 68
Average 69.87 7775 6777 T2.5
Increase ..« 7.88 lbs. Inecrease ... 4.73 1bs.

It will be seen therefore that the Treated
Group made a considerable increase in live-welght.
The Controls also increased, probably due to the fact
that théy were on rather betbter pastures.

3lood tesbs carried out by dDre He Dryerre

showed the following results.

Treated Groups Controls.
. {(untreated)
Haemoglobin %. Haemoglobin Z.
Nos June 6th July 3rd Noe June 6th July 3rd
1 11-0 10.3 2 8.7 i I 4
B " 4eB O3 4 110 549
5 Ted 7.8 7 - 8.6
6 9.1 9'1 8 S o '?00

Average 7.97 9,12 : - 73
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From July 3rd onwards, the ﬁntreated Group
were glven doses of ilron and emmonium citrate as above
Adescribed. The animals made a satisfactory recovery
from the disease in about three wesks. The welzhts
recorded on July 3rd ani on July 19th when recovery

nwas well under way, were as follows.

No. July 3va July 19th

1bse. _ 1bs.

2 68 79

4 87 66

T o 169

8 68 85
Average ... 7245 84,75

The average increase was 12.25 1Dbs. Ewes
Nos. (2) and (7) were clipped bvefore the last weighing,
out this is not taken into account. e

Phe recovery in welght gives some idea of the
emacliated condition of the sheep in their original
pining state. As a matter of interest in this
gonnectlion, it may be stated that 8 healthy ewes were
run off the hill and weighad'an June 13th, and their
welghts compared with the 8 pining ewes., The average
welghts were :~ 88.8 1lbs. for the healthy ewes, and
6848 lbs. for the pining ewes, - a difference of 18

1bs. per head.

2. Iron and Armonium Cltrate and Crude Oxide of Iron.

A group of 20 pining ewes and 20 lambs were

used in a further experiment at Widdlesknowes. They
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were givan four dally doses of iron and ammonium
citrate, and thereafter received 4 ozs. of beet pulp
and.%foz. of crude oxide of iron por head per davy.
These quanﬁities were increased by 20 per cent to
allow for the lambs,. No sglt was added. The test
began on Sth July, 1935. ®ithin a fortnight there
were warked signs of recovery, and by July £8th
recovery was considered to be complete. The lambs
"began to mend even before there were vislible signs in

the ewes.

3e Grude Oxide of Iron.

On July 22nd, 1935, 5 pining ewes with lambs
were taken off the hill and given 4 ozs. of beet pulp
and*?’oz. of crude oxide of iron per head per day. « A
little extra was added for the lambs. As the ewes
had been accustomed to eat concentrates as hoggs, they
readily took to the box feeding. Recovery was ;apid.
They were put back to the hill aured,el days after
treatment commenced.

The percentage composition of the ¢rude oxide
of iron used ln these tests was - FeoOg, 58.51;

Alzos, 16.95; 810,

2
Cad + Ng0, 0.9; Nagos 54753 ﬁsaos. 0.008; Loss on

ignition, 2.57. This was the composition supplied
by the makers.
Since these early experiments were carrled out,

a large number of pining sheep have been successfully
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treated by the writer either with iron and ammonium
citrate or crude oxide of iron. A tobtal of 193
pining sheep have been dealt with (not including
lambs ), of which 184, or 95.4 per cent, recovered.

The practice has been wildely adopted by farmers in the
district.s It is found that the cure remains-effect-
lve for many months.

In order to test the posslbllity of keeping
sheep on plning land without a change for a protracted
perioi, 16 ewes at Viddlesknowes were individually
ear-marked and retained on thelr regular grazings for
two years, namely, from Ocktober 1935 to October 1937.
Courses of ¢rude oxide of iron were given in place of
the usual changes. Three of these ewes were pining
when treatment began. All sheep remained in a
healthy and thriving state throughout the period.

Crude oxide of iron has been found very
effective as a preventive of pine disease as well as
a cure. It is now largely employed for this purpose.
It will be sufficient here to give the results of Lests
conducted by the writer on hill hefts on three differ-
ent farms. A mixture composed of equal parts of
e¢rude oxide of iron and salt, without any other
material, was put out in soxes on hill land from
January to May. e dliscecase among ewes in summer
thereupon almost entirely disappeared. The results
are set out below. A comparison is made with

wevious years when no treatment was glven.
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FARM (1).
(260 ewes) Wou oF
Piners
1934 No mineral used 25
19356 Vo mineral used a2
1936 freated none
1937 Treated 4
FARN (2).
({180 ewes) Nos of
Piners
1935 No mineral used 12
1936 Treated - none
FARM (3).
(110 ewes) No. of
Piners
1936 No mineral used 5
1937 I'reated none
Summary.

1. {ron compounds are of specific value in curing
and preventing pine dlsease in the Hast 3orders.

2 Crude oxlde of iron 1ls as effectlve in
practice as iron and amwonium citrate.

Se Improvement in the condition of pining sheep
was notloeabdle in 10 - 14 days. Recovery was
complete in about 21 days.

4. Ewes treated periodically with iron compounds
have been kept on pining land for two years without a
change.

Se The disease has been largely abolished where

lron compounds have been used as a- preventive.
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18, EXPERIVWENTS OV HOGGS WITH IRON AND COPPER COMPOUNDS.

In 1935, it was felt necessary to arrange a
large-scale controlled experiment in orier to test
thoroughly the value of iron compounds. It was also
desirable to know what part, if any, was played by
copper in the etiology of pine. Minute traces of
copper are usually present in iron salts. An experi-
ment was accordingly arranged at Viddlesknowes. The
whole of the work, with the exception of blood
sampling, was carried out by the writer.

80 "top" Cheviot wether hoggs which had been
bred on the farm, and which had no vislble symphoms
of pine about them, were dlvided into two groups of
50 eath and put to graze on Peg Law, which is much
affected with the disease. 3oth groups ran together
throughout the experiment and recelved no feeding of
any description except what they could pull. The
conditions between the two groups were therefore
practically iientical. All the animals were
separately numbered with ear tags. 'reatment began

on 19th August as follows :-

Group (1) Treated with iron and awmonium citrate.
Group (2) No treatment.
The administration of the iron and ammonium
citrate was on similar lines to that already described,

49 gms. being given over a period of three weeks.
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Effects of Iron [reatment.

In spite of the excessive handling to which
they were subjécted, the dosed group made steady
progress. Two of the hoggs, however, died of 3raxy.
Two hoggs developed sympbtoms of pine in October, bhut
recovered when given additional doses. Thereafter,
all animals in the group remained entirely healthy
though they remained on pining land without any
supplementary feeding from August till Feobruary, a
perioil of six months.

The control group, on the other hand, began to
show signa of the disease within a few weeks. This
graduélly spread until all but four animals were
affected. fhere were 4 piners in September, 13 in
Oetober, 26 in Hovember, ﬁnd 26 1in December. the
incidence, therefore, was ultimately 86 per cent.
ey exhibited all the usual symptoms of the malady
and several of them got so weak and emaciated that
they were on the point of collapse. This part of the
experiment was accordingly discontinued on December

7th.
Ten of the pining control hoggs were there-

after treated with iron and ammonium citrate on the
lines already descrided. In spite of the severe
nature of the weather and.the fact that all artificial
feeding was withheld, they made steady progress and
werewall recovered within 85 wesks, fhese hogms

presented the phenomenon of steadily losing condition
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and at the same time rapldly improving in health.
The food shortage on the hill land was acute. They
lost on the average 9.83 lbs. between December 7th and
Feoruary 6th. Eye colour, however, improved from
50.4 to 33.1 over the same period.
The average welghts recorded during the main
experiment were as follows :=-
.%EE: Septs  Oct. Wov.  Dec.
2nd  12th 26th. 2lst 7th

Treated Group 46.2 48,7 58.7 - 585 59.4

Gontrols 4644  4B.2 55,0 B5.1 55.4
Increase.
1bs.
Treated Group 132
Controls 940

A complete record of the welghings is given
in Appendix IV, page 249. | '

It might have been expected that all pining
hoggs would have lost weight. This was not so«
Those that had only a mild attack retained their

appetite and so continuel slowly to increases

Haemoglobin..

Samples of blood were taken by Dre. Dryerre
from 5 hoggs in each group on November 5th.  The

avafage results were -
Nov. Bth
Haemoglobin %.

freated Hoggs 10.64

Pining Hoggs - Be34
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Janv: 182 19%6. _I'\__oggs trealed. with wvron ana
ammonium _cilrale, including some of the above group,
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Nole  bold b'rig’n\-' appearance = an clean ches-
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There was a lower Haemoglobin value in the
nlool of the pining hogsos in all cases. On December
9th, blood from the remaining hogms in each group was
tested, not including the healthy hoggs in the pining
ZrOoup. For blood figures see Appendix V, page
The average figures were :-

NDec. 9th
Haemoglobin Z.

Treated Hoggs 10.2
Pining Hoggs 9.6

There was not always s c¢lear-cut difference.
Vany of the pining hoggs appeared to have a Haemo-
globin value little below normal. Ten of them had
10 per c¢ent of Haemoglobin or over. fhese usually
had only a mild form of the malady.

There was a close correspondence detween

Haemoglobin content and live-weight. This is shown

below. Average
Haemoglooin Welght
Decs 7th
% 1bse
Very badly pined (10 hoggs) 8¢5 47.6
3adly pined (6 hongs) 9,7 57.83
$1ightly pined (10 hoggs) 10413 5843
Healthy (4 hoggs) not 6442

tested

Colour of Conjunctiva.

Records were made during the experiment of
the degree of redness in the lining membrane of the

lower eye-llids. fhe colour~scale shown on page 41



/ Ll -
. | sl % / %3 S 1Y &
% A i \ L2 .‘:;&.q
"yl k o= 2 g 4 i + - S0 [ A
- . ¢ ’. P 1 ‘m .
L

Cw T S e e Fasla i s X2
DECEMBER. 162 1535,
Rning __Hogg N° Ou.17,

Nole the ‘ie\i\ess and weak appearance.

TANUARY 182 1030,

.Hogg N® oun -~ecovered -S'rom Fme, one mon\H

aslé\' Featmenl with Ton and.  ammonium cilole,

il




201.

was ugsei for the purpose. The average comparative

figures on December 7th were :-

lreated Group 31e2

Control Group 29.4

There was a fairly close agreement between
the individuval readings and the percentage of Haemo-
globin as ascertained by Drs Dryerre. Individual

figures ars given in Appendix V, page 250.

Temperature of Hoggs.

In order to find whether there was any differ-
ence between the groups, the temperatures of all the
hoggs were taken on December 7th. Individual figures
are given in Appendix 7V, page 250. The average
results were -

Treated Group 104.27° P,
Control Group 104,840 F.
There was no evidence of any febrile disturb-

ance even among the worst pining hoggs.

KEffects on Wool Growth.

Approximately six months after the experiment
began, namely, on February 6th, observations were made
on the winter growth of wool in both groups. the
results showed a moderate increase in the Treated
Group but a much swaller increase in the Control

Groups 'he data recorded were :-
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Wool. No. of
LWinter growth. Stops in wool.
oms.
Treated Group
(average of 27) 1.75 - T
Controls
(average of 25) 1.4 17
Farmer's Ewe Hogas
(average of 40) 3.3 9(slight)

The Treated Group, therefore, grew 25 per cent
more wool than the untreated. As four of the worst
of the untreated hoggs had been removed to Voredun
and were not included in the above measurements, the
difference between the groups must have been actually
greater. Many of the cdntrol hoggs had such severe
stops in the wool that they would probably cast their
fleeces in early summer.

The farmer's own hoggs had received their
usual change to lowland pastures in August, followed .
by winbtering at home on roots and concentrates. They
naturally did much better than the experimental hoggs,
which during the latter part of the experiment were on
a starvation dlet. The slight stop in the wool of
some of the farmer's hoggss was due to a check in

Dec ember,

Pining in relation to live~welght.

An examination of the data recorded in this
experiment brings out a definite correlation bvetween
the incidence of pine disease in hoggs and their live-

welghte. fhe points are summarised below.

(1) In the Treated Group, the only two hoggs which
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developed pine (though afterwards cured) were the
smallest hoggs in the group.

(2)s The two smallest hoggs in the untreated group
were among the first to show symptoms of the
disease.

(3). Of 13 pining hoggs on October 26th, 10 had
neen below the average welght of the group at the
cormencement of the experiment.

(4) The four hoggs of the untreated group which
never developed pine were all above the average
welght of the group, and iIncluded two of the three

hesviest hoggs in the group.

The first record of individual weights was
taken on September 1Zthe. Far tags could not be
inserted before this owing to flies.

It seems clear from this experiment that
small hoggs in any section of the flock are more
liable to plne than those which are stronger and
better developed. The experimental animals were
"top" hoggs and were, therefore, further removed from
any bias towards pining at the commencement of the
experiment than sny other groups which could have

bean selected,

EFFECTS OF COPPER.

As copper is known to be of value in the
metabolism of lron in the animal body, an experiment

was arranged to ascertain 1lts effects on pining sheep.
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Eleven pining hoggs from the control group already
mentioned were used for this test.

As the iron and ammonium citrate which had
been used so successfully contained 0.001 per cent of
copper, and as 49 pgms. of the iron salt had bheen
administered, the amount of copper ingested was anprox
imately 0.5 milligrammes. It was decided to glve
each of the pining hogzs ten times this guantity of
copper, namely, 5 milligrammes, in the form of copper
sulphate dissolved in distillled water. Treatment was
given in 14 doses over the period December 1llth to
December &lst, 19386, The hoggs continved to run on
Peg Lawe

There was never at any time any improvement
in the state of these hogzs. Instead of making
progress like hhé group which wes velng treated with
iron and ammonium ¢itrate during the same period, they
rather tended to pine worse. They lost more welght
than that group,and the colour of the conjunctiva fell
to atill lower levels. A comparison of the con=-

junctiva readings is given below.

Iron and Ammonium Copper Group.
Citrate Group.

1935
December 7th 204 32.0

1936
Januvary 15th B3s1 26.0

Fuller deballs are given in Appendix VI,

page 251.
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it was apparent, therefore, that the
administration of copper had entirely falled to
produce any effect upon the pining condition. These
hoggs thereupon were put on to iron and amonium
citrate, when they slowly recovered. Thev continued
all the time on Peg Law. fhe average colour.of the
conjunctiva rose from 26.0 on January 15th to 31.8 on
February &th. the live-welght, however, still
further declined owing to the severe weather and the

ahsence of suitable food.

NDiscussinn.

It was estavlished by these tests that pine
discase 1s a form of nutritional angemia which can be
cured ani prevented by the administration of iron
‘'salts. It apnears, therefore, to have a close
gsimilarity with bush sickness in Wew Zealand, enzootic
margsmus in Western Australis, and pining diseases in
some other ¢ountries. These conditions also usually
vield to treatwent with iron compounds.

he precise role of iron in the present case,
however, was not clear, for several reasons. Godden
and Grirmmett (25) have shown that pining soil from
the Fast 3orders c¢ontains large quantities of
avallable iron. it could also be seen that the land
on which the hoggs in the experiments just described
were confined had no lack of iron, as considerabdle

amounts of hydrated oxide of iron could be observed in
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the drainage water. Underwood (74) had shown at
this time that the liver, kidney, and spleen of sheep
affected with enzootic marasmus have a higher concen-
tration of iron than normal shesp. The animals
examined had no difficulty in absorbing ample guanti-
ties of iron from the food, but the utilisation of the
iron was defective. He concluded that enzootic
marasmus was not dve to iron deficiency. It seemed
a8 1f pine disease in the Hast 3orders might possibly
oe in the same category.

If any mineral substance were responsibvle, it
appeared probable that some of the trace elements in
the iron compounds used might furnlish a clue. This
ﬂossibiliﬁy was strengthened by the fact that in
practice a change of pasture for three weelks is
usually sufficient to serve as a preventive of the
digease for many months. Further, 1t had been found
in the sexperiment with 30 treated hoggs that the
normal dosage of iron had not been sufficlient in the
case of two of the hoggs to prevent the onset of the
malady. Additional doses, however, had had the
desired effect. 5 séemed unlikely in this instance
that the extra amount of iron given to the animals was
responsible for thg result, as the quantity already
consumed was very large.

fhe possiblillty of copper being a responsible
factor had been duly tested on Peg Law, but the

findings were entirely negatlive. 'his test had shown,
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however, that pine disease is different from "salst
sickness" in Florida which Weal and 3ecker (32),
quoted by Oryr, have shown to respond to copper treat-
ment in the presence of lron. It also demonstrated
that "leecksucht" in Holland (27) is in a different
cat egory from pine as the condition responds to copper

therapy, with or without iron.

et

While these mabters were bDeing speculated
upon, atbtention was drawn to reports of work carrled
out in 1934 in Wesbern Australia (75), and in Wew
Zealand (76), in which iron-free extracts of hydrated
ozide of iron, or limonite, had been founi to cure
the form of the disease in those countries. The use
of cobalt had been tested in South Australia (77)
with favourable results on two shsep. Tests with
cobalt, manganese, nickel, and zinc were laber

conincted in some detall in ¥estern Australia (78),
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a8 a result of which cobalt was found to give positive
results.

¥any of these tests, however, had been carried
out with single sheep or groups of two sheep. An
experiment with seven sheep was employed in one of the
final tests at that period in Western Australia, but
there was no c¢orresponding control group. t was
therefore 4Aifficult to know what the precise signifi-
cance of these experiments might be. ¥hile thess
findings were of much interest, the exact canse of

pining in the East Borders remained undetermined.
Surmary.

1. Pine disense is g form of nubtritional anaemia
which can be cured and nrevented by the adminiatratiop_
of iron salta.

2 The edministration of copper has no ¢uretive
efi'ect upon pining sheep in the East Borders.

3« - The snaemias in pine disesse is different in
nature from "sslt sickness” in Florids and "lecksucht"
in Holland. 3o0th of these condltions are revorted to

ragpond to copper.
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19« THE INFIUENCE OF PHOS PHORUS.

While there was a possibility that pine
disease might be controlled by one or other of the
rinor nutritional elements, the writer felt it desir-
able in the meantime to test the effect of an element
which oulks largely in the nutrition of stock, namely
phosphorus. It seemed unnecessary to attribute pine
disease to some obsture cause without first determin-

ing the effect of some of the major elements. Sewfar

These and all subsequent experiments were
carried out independently by the writer, the whole
expense being ocorne by him.

There were several reasons which suggested
that phosphorus might play an important part in
inoreasing the resistance of animals to the malady if
not as a direct cure. These are summarised as

follows.

le The feeding of any form of concentrated food to

sheep on pining land is believed by farmers to
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prevent pine diaéase. The phosphofus content of
grains and seeds 1s usually high.

2o e fact that young growing sheep are more
susceptible seemed to indicate a connection with
some of the OdDone-forming elements.

"B Experience in the district, notably at Stotfield,
fdgerston, had shown that manuring the hill land
with Ground Vineral Phosphate had a considerabdle
influence in reducing the inciience of pine.

4. The blood of pining sheep and cathle frequently

shows a low content of phosphorus.

thile much of this evidence was iniefinite,
it 4id seerm at least to justify some effort at
exploring the question. Accordingly, tesbs were

arranged at ¥Yiiilesknowes in the summer of 1936.

Preliminary test with Phosphorus.

A preliminary test was carried out with 4
pining ewes, and 4 pining lamos which had been
previously taken off their mothers. All sheep were
¢onfined on pining land and got no supplementary
feeding. Ireatment bezan on July 17th, 1936.

Particulars of treabtment were :-

Vaberlal used. Crystalline d4i-sodium phosphate
- N&EHP04; 12 HQOQ
Dosagze. fwes - 2 gms. per head per day.

Tambs = 1 gm. per head per day.

No. of Doses. 17 4Aoses spread.over 3 woeks.
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Within a fortnight, a visible improvemant was
noted, though it was more apparent in the ewes than in
the lambs. Phe improvement c¢ontinued, and, with the
exception of one lamb, which died, all sheep were well
recovered by the middile of August. They continued to

go on satisfactorily thereafter.

Experiment with Fhosphorus on Hoggs.

It was arranged to conduct a controlled experi-
ment with phosphorus on a fairly large scale, comranc-
ing in August 1936.  Forty Cheviot hoggs, bred on the
farm, were employed, and these were put to graze on
Peg Law, which had been used for the tests in the
previous year, already referred to. fhe hoggs were

divided into the following groups.

Group I -~ 20 hoggs; dosed with 2 gms. per day of
crystalline di-sodium phosphate, maie
up in 4istilled water; 17 doses given
per sheep, August 7th to August £8th,
1936,

Group II - 20 hoggs; no treabtment.

The die=solium phosphate was of 3.P. standard,
the 1limits for arsenic and lead belng 0.0005 per cent
in each case. 'wo samples of the salt were specially
tested for codalt Sy Dr. J.F. Tocher, AdDerdeen, but
were found to contain no trace of this element.

fhe hoggs represented part of the second draw
of lambs and were therefore not ouite so strong as
those used in the previous year. Five pining hoggs

were included in each group, two of ther in sach group
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being much affected with the malady. The dosed group
started at a disadvantage, being lighter in weight on
the average. They also had rather the worst affected
hogazs, one of ther dying & week after the exneriment
Degans :

At the end of the dosing period, the treated
hogaos looked worse and seemed to have zot a check.
However, within two weeks of the cessation of the
daily haniling and dosing, they rapidly improved and
continned thereafter to gmo forward. f'wo of the hoggs
which had been pining died, nmut the remaining piners
in the group steadily recovered.

The untreated group began to go bhack in

September, one of them dying during the month. There
was a considerable increase in pining in the group.
On September 28Bth there were 15 pining hogss, making
an addition of 10 piners in the group since the exneri-
ment began. Four of the hoggs, however, remained
entirely healthy. .

The average welghts recorded during the period

are set out below. Detalls are given in Appendix VII,

page 252.
Aug. 7th Sept. 28th Increase
1b3!’ 1b30 1380
Treated Group 35 403 De3
Untreated Group 562 39.68 2e48

fhe colour of the conjunctiva on September

28th was :-



PEG LAW, JEDBURGH.

“The main exPeximen\fn\. salion
where the causes cY pine discase

were worKed oul.
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freated Group 807

Untreated Group 33.1
Detalls are given in Appendix VII, nage 252.

There was a marked contrast between the
groups on September 28th. The treated group werse
all improving and mending, while the wajority‘of the
untreated group were golng the other way. They could
readilly be picked out by the dark and sunken appear-
ance of the wool and the dark unhealthy colour of the
face. It was felt unnecessary to continue this stapge
of the experiment any further, and asccordingly btreat-
ment was given to the control gzroup.

'he control group were glven the same material
as Dbdefore, exocept that 5 gms. of di-sodium phosphate
were administered, per dose, instead of 2 gms. .Phis
was done because the copinion had been formed that
doses of £ gms. were rather small for curative
purposes. 17 doses were given. There was clear
evijence of the improvement of the pining hogags.
%ithin 12 days thevy began to change for the better,
andi by October £1lst all pining symptoms had gone.
Thelr faces cleaned up, thelir bellies filled out, the
wool began to rise, and there was a marked gain in
vitality. There was an appreclable change in con=
junctiva value. The curative effect was much more
rapid and pronounced than in the case of the plning
hoggs in the original group, no doubt owing to the

larger doses given. It was apparent from these Hests
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that di-sodlum nhoaﬁhate was just as effeetive as
iron and amwonium citrate.

¥hile most of the hoges were sold at the end
of october, one hogg of the originally treated group
and five hoggs which had been treated in the control
group were retained on Peg law till the end of
Decembar. No feeding was supplied. They all
rerained in a vigorous and healthy state throughout.

The following particulars were recorded of these hoggs.

Live-weight Conjunctiva Increase

in wool
1936 10s. : ems.
October 1lst S7«7 30.8 -
Degember 8th 4146 36.8 17

These hoggs remained on the farm for one year
without a ¢change, namely, until Sepbember 1937. They
showed no signs of pining.

In the following year, é test was conducted
on pining hoggs at Swinside Pownhead. Diegsoiium
phosphate BeDelsy AsRe, was.usad in this case. All
hoggs were iIn an advanced stage of the maiady, never-
theless, the treated group made steady progress while

the controls showed no improvement.

Results from the use of Phosphorus in practice.

I'he influence of Fhosphorus compounds in
preventing and curing pine disease in practice was
tested on a falrly large scale on several farms by

the feeding of Steamed 3one Flour, along with an egual
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welght of salte. No concentrates or other minerals
were given. The material was weighed out by the
writer and a record was kept by him of the smount
consumed by the sheep on Farms A. and B. mentioned
belows The shepherds estimated that 95 per cent of
the animalas ate the mixture. In all cases it had a
marked effect in reducing pilne disease and in improv-
ing the conditlon and thrlving capacity of stock on
pining lani. |

FARM 4.

(180 ewes) S

Piners
1935 N¥o mineral used 30
1936 No mineral used 26
1937 Treated 4

Amount of mineral cansﬁmed.
(Nove 22nd, 1936 - April Gth, 1937)

rar head
0Z8.
Steemed 3one Flour T8
Salt ' 7.5

FARN B,

No. of Piners
Ewes Tambs

1937 Untreated (320 ewes) 20 30

1937 Preated (300 ewss) 6 2
Amount of mineral consumad.
(Tan. 14th - July 1lst, 1937)

per head
QZB.

Steared 3one Flour T+9

Salt 7.9
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The land on which the two groups of ewes on
Farm 3. were running was not reclktoned to be much
different as regards pining. Judging from Sale
results, the shepherd estimated the value of the
treatment to be at least 1/- per lamb. The cost of

the treatment, including feeding boxes, was 0.8 pence

per eV ece
FARY_C.
(62 ewes; 20 hoggs)

Wo. Of
Piners

1935 No mineral used il

1936 No mineral used -4

1937 Treated none

tThe opinion was formed that Steamed Bone Flour
was 1little behind crude oxide of iron as a preventive

of pine disease in these experiments.

Discusaione.

o what extent the effect prodveed by the
adminigstration of phosphorus in curing and preventing
pine disease iIn these experiments was due to some
trace elements present in the compounds is not known.
There was no trace of cobalt in the di-sodium phos-
phate. fhis was definlitely establlshed. fTork on
enzootic marasmus suggests that nelther grsanic, lead,
nor sulphur, in minute amounts, have any effect upon
the course of the malady, though no similar work had

vet Deen done on pine. fhe possidllity of sodium and
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chlorine having any direct influence is.unlikely.

The feeding of ¢ommon salt to hill sheep is a regular
practice on wmany pining farms, but it has never been
found that this exerts any control upon the disease.
Di-sodium phesphate may have had some slight effect on
stomach worms. In a controlled test with 40 lambs
carried out Dy the writer in 1937 on a lowland famm
much troubled with stomach worm, it was found, however,
to have no value. In any case, there are no appreci-
able vermicidal properties in Steamed Bone Flour and
salt. It remains, thérefore, at the present stage

to consider phosphorus onlye.

Je Stewart (79) has shown that when the
phosphorus level of the diet of sheep ranges from 1 to
1.5 gms., of phosphorus per day, which is comparable,
he atates, Lo that of sheep on many of the hill farms
of Yorkshire andi Northumberland, a typlcal picture of
phosphorus deficiency is demonstrable by the chemical
examination of blood and bones. In Stewart's experi-
ments, no effect was produced on dlgestion by a low
phosphorus level in the dlet, but the utilisation of
the food was defective. fhe sheep in the tests
averaged 75.5 1lbs. per head. The dalily intake of
phosphorus in the experiments described in this thesis
is not ltmown. It was found, however, that the
edministration of 0.17% gms. phosphorus per day for
17 days was sufficlient to prevent the occurrence of

the discase in hoggs weighing sround %8 lbs. The
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giving of 0.43%32 gms. phosphorus per day.for 17 days
cured the condition, although cures were made with
half this quantity. The treatment was effective for
many months. In the light of Stewart's findings, it
seems reasonable to conclude that these sheep were
suffering from a lack of phosphorus. The disease
mown as "Cappy" or "Dbuble Seaup”,; however, (80,81),
is not present in the East Borders.

'he blood of sheep in pining country often
shows a comparatively low level of phosphorus (see
page 189). 3lood calcium is sometimes even more
deficient according to the results of Stewart and
Piercy (51). Auchinachie and Fraser (82) have
demonstrated that a reciprocal relatlionship exists
petween calcium and phosphorus in the blood. ﬁheﬁ
phosphorus is low, calelum is often relatively high,
due to the utlllisation of bone substance and the
release of adiitional calciuvm in the c¢irculetion.
¥hile this condition 1s present to some extent in the
blood of pining sheep examined by Stewart and Plercy
(51), it is liable to considerable variation and
suggests that both elements may sometimes be lacking,
ani may therefore both confhiribute to the anaemla.

Orr (31) nhas pointed out that malnutrition or a
defect in the metanolism arising from any cause tends
sooner or later to be associated with anaemla.

The effect of phosphorus was tested in connect-

ion with bush sickness in New Zeal#nd. Aston (83)
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found that cattle could be kept on land treated with
phosphatic manures for about 12 months after animals
on untreated ground had died of the disease. No
benefits were odtained, however, from the use of
medicinal phosphates. The theory of phosphorus
deficlency in connection with bush sickness was there-
upon dlscardeds It would have been interesting,
however, if thls aspect had been further explored.

It has already been noted in these experiments
and has been referred to by writers in Australasia
that pining sheep in the early stages may show no
appreclable reduction in red cells, or haemoglobin,
even though aymptoms of the disease may be well marked.
This suggests that some factor may be responsible for
the initial 4lsturbsences and that the anaemia nroper
follows at a later stagé. It 1s suggested that an
ingufficlency of available phosphorus may be one of

the factors involved..

Summary.

1. The administration of phosphorus acts as a
cure andfprevenbiva of pine disease.

2e f'he curative properties of small quantities of
phosphorus appear to hold good for many months.

Se ixperimental evidence suggeéts that an in-

sufficiency of phosphorus is one of the predisposing

causes of the malady.
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20. THE EFFECTS OF COBALT.

From the results of research work carried out
_in Australia and New Zealand, it seemed probable that
the beneficial results obtained from the use of iron
compounds in the Cheviot region might be due to the
presence of cobalt. A sample of the crude oxide of
iron which had proved of value in some of the experi-
ments described in this thesis was tested for the
writer by Dr. J. F. locher, Aberdeen. It was found
to contain "not less than 50 parts per million of
Cobalt". It was accordingly arranged to explore the
possibilities of this element by a series of tests

conducted in 1937.

Preliminary tests with Cobalt.

In Way 1927, three badly pined Cheviot ewes
were confined on a plece of pining hill land at
¥Middlesinowes. They were given do0ses of 3 milli-
grammes of cobalt per head in the form of cobalt
chloride (3+DeHe; AeRe) in distilled water. 12 dailly
doses were administered over a period of three weeks.
tithin ten days an Improvement in the general appear-
ance and vigour of the sheep was noted, and within
three weeks recovery was reckoned to be complete.

All ewes nursed lambs throughout the test and these
also improvedi along with thelr mothers. The progress

of thesé ewes may be judged from the undernoted data.
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Average Average

1957 “eight Conjunctiva
" lbs.
¥ay 8th 70% 25
¥ay 25th 79% 35.6

T'he average increcase in welght amounted to 9
1bs. per head, while there was a marked rise in the
colour of the conjunctiva. The ewes made good
progress thereafter throughout the summer.

As & mg. of cobalt per dose appeared to be very
offective, a test was arranged at a later date to find
the effect of a smaller quantity. On a2 pining farm
some three miles distant from ¥iddlesknowes, & pining
hogzs and 1 pining ewe were given 1 mg. cobalt per
head per day during August. A similar group of
pining hoggs was given iron and amronium citrate in
the manner already described. Treatment was contin-
ued over a period of three weeks. 3oth groups were

completely recovered 5y the end of the period.

The Administration of Cobalt by Injection.

A pining ewe was confined on'Peg Law for a
period of 31 days. Three intra-muscular injections
of cobalt c¢hloride were given as follows := (1) 8 mge.
Co. on ¥ay 18th; (2) 12 mg. Co. on June lst; (3) 12
mge Co. on June 1llth. The ewes made a gradual
recovery. Between Vay 18th and July 19th.bhe live=
welght improved from 75% 1lbs. to 84 1bi., while the

golour of the conjunctiva rose from 37 to 40.
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Improvement, however, was slower than 1h the case of
the ewes which had been dosed by the mouth.

A similar test was conducted with three pining
ewes on Peg Law over the period June lst to June 19th,
1937, Two Injections were given, each amounting to
12 mge Co. per head, with a ten day interval.  There
was an average increase in live-weight of 8.5 1bs.,
but there was no change in the colour of the conjunc-
tiva. fhe ewss lmproved for a time, then looked
worse, out thereafter went ahead again. The rate of
progress, however, was boo slow. Acoordingly they
were givqn liquid doses of 3 mg. Co. per day. Within
five days, they were in a fully vigorous and thriving
state.

A controlled experimént on the avove lines
was carriéd out on a néighbouring farm. Injections
were glven to six ewes. Here also the rate of
recovery was slow. One ewe died. As the controls
registered a somewhat similar degree of progress, this
experiment was discontinued.

The injection method for the cure of pining
sheep held out the possibllity of saving labour and
vndue handling, but 1t was not satisfactory.

Progress was slower than by dosing. The disadvantage
is that ewes might get down too far in the interval,
resulting in a set-dack 0 the lambs owing to a
falling off in the milk yield. A rapld cure is

essential. The quantities of cobalt injected at one
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time, namely, 8-12 mg. Co., appeared to be well within
the capacity of the animals, but 8 mg. seemed nrefer-
able. Smaller smounts than 8 mg. were not found to
ve more effective. The upper limit apreared to be
somewhere below 20 mg. at one injection. This was
given to 5 pining ewes not previously refarred-to, but
whlle four of ther made progress one of them died.

On the other hand, 1t seemsg probadle in view
of results referred to later,that pine disease might
be prevented by giving one injection of cobalt.
Protection would presumably be conferred for many
months. No tests, however, have so far been made on

this point.

Experiments with Cobalt on Hoggs.

Twenty Chevlot hoggs which were healthy and
free from plne dlisease were dlvided into two groups on
August 16th, 1937, and put to graze together on Peg
Law, Jedburgh. I'ne hoggs had been ored on the farm.
Peg Law, as already noted, is much affected with

pining. I'reatment was as follows :=-

group (1) 10 hoggs; 1 mg. cobalt per day,
for 14 days.

Group (2) 10 hozgs; no treatment.

Cobalt was given in the form of cobalt
c¢hloride (3.De¢Hej AeR.) made up in 4istilled water.
The 14 doses were spread over three weeks.

The treated hoggs made good progress and
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rermained entirely healthy. The contrﬁls. on the
other hand, soon began -to show symptoms of the disease
Thile all were healthy on Angust 16th, 8 out of 10
were pining by September 1llth, and by the end of
September only 1 hogg remained in a healthy state.

The average live-weights of the hoggs were as follows.

AUGe Ot

168th 5th Ingrease.
© 1bse 1bse. 1bs.
I'reated Group 38.35 46.85 7.9
Controls G6e4 39,0 206

The average conjunctiva readings were :-

A 0C te Stoﬁs in wool.
16th 6th (Decs 9th)

Treated Group 841 5649 2

Controls : 37:0 33.7 7

Detalls are given in Appendix (8), page 253.

T'he treabed hoggs incremssed oy 7.9 1lbs. per
head, while the controls gained only 2.6 163. The
colour of the conjunctiva rose in the case of the
treated group, but fell in the case of the controls.
It was ¢learly shown by this controlled test that the
administration of 1 mge cobalt per day for 14 days had
entirely prevented the onset of pining.

The procedure next followed was to dose the
control groups all of which, with the exception of one,
were now affected with the disease. It was decided
to attempt a eure with doses of % mg. cobalt per head

per daye. Accordingly a total of 14 doses were glven
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at thls rate, spread over three weeks, ﬁommencing on
October S5the. All hoqga‘remained on Peg Laws 3y
October 21lst there were marked signs of improvement in
the.majority of the group, and wlithin one month they
were all recovered except two whiech had been very
badly pined. Pﬁese were given 5 additional doses of
3 mge cobalt per day, after which recovery rapidly
ensued. T[he hoggs remained on Peg Taw till Decembver
9th and made steady progfess; ‘One hogg, however,

died in November. 'he following observations were

noted.
1957 %Keight. Conjunctiva.
1bs.
0ct, 5th 39.0 3.7
NDed. 9th 426 58.8

Detalls are given in Appendix (8), page 253.

Owing to a heavy fall of snow, all hoggs had
to be removed from Peg Law on December 9th, mt bthey
continued to run on pining land until Pebruary 15th.
No concentrates of any kind were fel. They were
glven hay, the produce of pining land. The group
wvhich had originally been treatel in August remained
entirely heaithy throughout. This experiment, there-
fore, dzmonstrated that the administration of small
quantitles of cobalt over a period of three weeks will
enable sheep to be mainteined on pining land in a

healthy state for at least six moaths.
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Results from the use of Cobalt in practice.

S An outoreak of.pining occurred on a hill farm
during September 1937 in which some 40 ewe~-hoges were
involved. Ireatment was administered by giving 1 Mo
eobélt per head per day mixed with salt, togother with
a little concentrated food. A few of the hoggs were
disinelined to eat out of the boxes and so were dosed
by the mouth. All the animals recovered.

2 Cobalt was used as a preventive on a large
scale during the winter and spring of 1937-38. The
wvhole of the stock on a pining farm, numbering 550
ewes and hoggs, were given access to a mineral mixture
composed of egqnal parts steamed bone flour and salt,
with a small amount of gobalt eiied. The material
was mixed and welghed by the writer, sufficient cobalt
¢hloride belng sprayed on the mixture to allow 40 mg.
cobalt per sheep during the period January lst to
April 30th, 1938. The treatment was entirely satis-
factory. There was the highest degree of heelth in
the stock and freedom from loss before lambing ever
recorded on this farm. The lambing-results were
excellent. In fomer yaérs there was generally a
proportion of pining ewes in April, but in 1938 these
were entirely absent., The improved nutritional
status of the stock brought about by the phosphate of
lime and salt, together with the stimulating effects

of cobalt, made for a high level of well-being in the

animalse.
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Se Cobalt was given to two pining cows on a farm
on the Andesite in 1937. On this farm some of the
cows usually go off colour each autumn. They get dry
and tight in the coat, dirty in the hair, and go back
in condition. 5 mge Cobalt per day, in the form of
cobalt chloride, was fed along wlth salt and some
concentrates. Only one of the cows, however, would
eat the mixbture, and she made a quick recovery. The
other cow showed no improvement. She was thereupon
given 5 mg. cobalt per day without salt, when she
gradually returned to normel.

4, A controlled test with cobalt was carried out
in the early months of 1938, not on a pining farm but
on a low-ground farm well known for its powers of
turning pining sheep. The 1dea was to find if the
form of incipient anaemia which is usually present in
a proportion of pregnant ewes on practically all
classes of farms would respond to cobalt. 90 Half-
bred ewes whilch were the leanest and poorest of the
flock at the end of winter were drawn out for the test.
45 of the ewes were glven £ mgs Co. per head per day,
mixed with selt and some concentrates, for 31 days
prior to lambing. The other 45 ewes were kept as
controls in a separate enclosure. They received salt
and concentrates only. The treated ewes made a quick
response both in vigour and appearance. They were
fresher and brighter and were much more active right

up o the time of lambing. They also lambed sooner,
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being more in accordance with schedule. Whether this
was due to some few days difference in tupping it was
-1mpossible to tell. Owing to the exceptionally
faﬁourable weather during the lambing season of 1938,
it was 4ifficult to ascertain any difference in the
young lambs themselves. The results of the expori-
ment, however, were in line with the findings of a
series of tests carried out by the writer on this
aspect of the question on a large number of lowland
flocks in previous sessons, the material used being
¢rude oxide of iron and steamed bone flour, hoth
gsingly and in combination. Theée tests have not been
detailed in this thesls except for brief references on
pages 137 and 138. All of these experiments agree in
showing that the anaemia of pregnant ewes will respond
to the same treatment ss the anaemia of pine dlsease.
Altogether, in the experiments deseribed in
this section of the thesis, some 15 pining ewes, 55
pining hoggs, and 2 pining cows were treated with
cobalt in 1937. All were restored to health except
2 ewes and 1 hogg which dled. In addition, 560 sheep
on a pining h1ll farm were treated for preventive
purpoges from January 19338 onwards. 90 Half-bred
ewes were used in a Gontrolled test on a non-pining
low-ground farm in order to obtain inforrmation on an

allied aspect of the problem.

Digcussion.

ixperiments are desoribed in which cobalt
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proved effective in controlling pine disease in sheep
in the Bast 3orders. This is the first occasion in
which thls substance has been used for the treatment
of farm live-stock in this country. In a controlled
test with hoggs, the administration of 14 milligrammes
of cobalt per sheep entirely preventel the occurrence
of the discase for six months on severe pining land.
The consumpbion of cobalt reakoned over ths whole
perlod was less than 0.1 mg. cobalt per day. Pining
sheep were repeatedly cured in several experimenta by
giving 14 doses of 1 mgs. cobalt each, spread over a
period of three weeks. The eufs remained effeotive
for many months. Attempts to deal with the disease
with % mg. doses were only successful where pining was
in its early stages.

in previous tests, the administration of1§“oz.
per day of ¢rude oxide of lron had proved markedly
beneficial. Taking the cobalt content at 50 parts
per million as ascertained by Dr. Tocher, this works
out at 0.47 mg. cobalt per day. As treatment was
generally given for 21 days, the cobalt consumption
was approximately 9.8 mg. Though the digestibility
of cobalt in this form is not known, the total quan-
tity agrees more or less with the amounts used in the
experiments now under discussion.

Regarding investigations elsewhere, Fllmer and
Underwood (84) found that C.1 mge. cobalt per day was

the minimurm effective dose for curative purposes in .
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enzooti¢ marasmus. This quantlity was given daily for
many months. The results in the East 3orders show,
however, that delly administration over a long period
is not essential. Sheep can be given sufficient
cobalt in a few days to effedt a cure and to carry
them on for a considerabdle period thareafter.

Hopkirik (87) obtained successful results in New Zea-
land by desing at the rate of 1 mge cobalt per day,
doses being given once or twice a week.

The influence of cobalt in animal nutrition
has been studied by several workers. Waltner and
Waltner, quoted by Underwood and Filmer (78), found
that the addition of cobalt to the diet of rats
produced a marked increase in the number of red blood
cells. A similar result was noted in dogs by
Vascherpa, quoted by the same suthors. Other workers
have conf'irmed these results. Beard and Myars,
quoted by Cunninghsm (88), found that cobalt wes a
ugseful supplement in curing anacemiz in rats produced
by cow's milk. Cunningham, however, ,doubted whether
a true anaemia was developed Iin rats fed on this dlet.

Preliminsry work in Austrelia and New Zealand
on the use of cobalt for the treatment of nutritional
anaemias in sheep has already been referred to (page
207). Cobalt was later demonstrated by Filmer and
Undervoed (85) to be present in many of the iron
compounds commonly fed to llve-stock. Phé writer

also ascertained its presence in crude oxide of lron.
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Evidence was obtained by Filmer and Underwood (86)
that the presence of nickel tends Lo assist the action
of cobalt when the gquantity of the latber is relat-
ively small. At a still later date, namwely, January
1938, Hopkirk (89) reported that the incidence of
bush sickness can be correlated with the cobalt
content of pastures. He states that where sheep only
are affected, the cobalt content varies from 0.0l to
0+ 04 parts per million; where cattle but not sheep
are affected, the cobalt content usually lies hetween
0.04 and 0,07 parts per million. Healthy pastures
usually contain 0.07 p. ps Me oOr over.

It will be apparent from the results of the
investigation detailed in this thesis that cobalt is
of prime importance in the prevention and cure of pine
disease in the East 3orders. In this respect the
disease may be regarded as similar to bush sickness,
enzootic marasmus, coast disease, and associated
allments. It would be a mistake to assume, however,
that a deficliency of cobalt 1s the only cause of the
malady in the East 3orders. It has already been
shown that sheep in the pining area respond to phos-
phorus, assuming that the phosphorus compound used
contained no trace of nickel or other potent trace
plement. 1t seems Certain that phosphorus and other
structural elements are often lacking from the produce
of pining soil. All the available fleld evidence

which has been quoted at length in the earlier parts
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of this thesis lends support to this view. Je Stew-
art (90) demonstratel the reduced powers of assimil-~
ation which occur in sheep suffering from a phosphorus
deflciency. it seems likely, therefore, that in pine
disease the sheep become dedilitated in the first
instance through predisposing causes in this province,
and that under these c¢ircumstances cobalt is helpful
in promoting the processes of assimlilation and meta-
boliam. The same seems to hold good in the type of
anaemla in pregnant ewes already mentioned.

Little 1s precisely known as to the sction of
cobalt. Any views on the subject are merely conjec-
ture. It may be that 1t 1s not essential to meta-
bollsm when the nutritional level in other respects is
satisfactory. Otherwise, how is it that the adminis-
tration of phosphorus which contalned no trace of

cobalt effected a cure in pining sheen?

[ |

Summary.

1. Pine disease in sheep in the Cheviot area has
been curel and prevented by the administration of
cobalt in the form of cobalt chloride.

Ze 'ne disease 1s not due to iron deficiency.

Se The administration of 1 mge. cobalt per day for
14 days was sufficlent to prevent the dlsease on
gevere pining land for a period of six months. A
similar guantity was effective as a cure.

4, The intra-muscular injection of cobalt for



233,

curative purposes was not satisfactory. Recovery was
slow.

Se The beneficial results obtained from the
feeding of iron compounds are attributed to the
presence of cobalt, and perhaps also other trace
elements, in the iron compounds used.

6. On non-pining farms, either hill or lowland,
pregnant ewes which are in somewhat poor condition

will respond to iron compounds and to eobalt.
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£1. PRACTICAL CONSIDERATIONS.

At the conclusion of each stage of the experi-
mental work, the results were carried into practice in
the East 3orders and other dlstricts with the ready
co-operation of a large number of farmers. Théusands
of sheep were dealt with during the past three years.
The possibilitles, therefore, are well knowne As
referred to earlier, the feeding of minerals direct to
sheep has many advantages over the treabtment of the
soll. The results are irmedlate, the cost is small,
and it 1s the only feasible method in inaccessible
country. Remarks therefore wlill malnly be confined
to the feeding aspect. 3rief references; however,

may be made regarding the treatment of herbage.

Treatment of Herbage.

In the early stapges of the investigation when
the iron deficiency theory was under consideration, 2
aores of a pining field were treated with 1% ewts. per
acre of sulphate of iron, on September 3rdi 1935. The
cost was defrayed by ﬁhe wriﬁer. The quantity was
large, but 1t was thought desirable to produce a major
effect. The dressing, however, tended to brown the
grass, which remained poorer to the end of the season.
Some pining hoggs were put on the field but they dia
not appear to do any better. In 1936, ewes and lambs

4id particularly well on this fleld, -all mineral being
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purposely withheld from them. The resﬁlt was on the
whole satisfactory.

" In Vay 1936, a controlled teéﬁ with ewes and
lambs was conducted on another pining farm, 4% acres
of a field being treated with 1% cwts. per ascre of
sulphate of iron on 12th Yay. 4% acres of a control
portion adjoining was fenced off. All the work of
welghing, measufing, and sowing, etc., as indeed in
all other tests reported in this thesis, was done by
the wrlter personally.

The grass came away well owing to heavy rain,
and on VMay Eath)lﬂ Cheviot ewes and 10 Cheviot lambs
were put on each section. The welghts of the lambs

and other particulars during the test were as follows.

Wte Wite Average
Yay July Increase Sesth rise in
£28th 2nd ' WOO0ls
1bse. 1bse. 1lbs. (ewes)
: July 2nd
Preated Ground 18.5 29.4 10.9 1 04"
Control 19.8 318 1240 - ‘1.0"

The results were unsatisfactory. 'he ewes on
the treated ground never did well. ‘They received a
check and could scarcely be clippei on July 2nde The
lambs also d4id not thrive well. There was some scour
among them and one of them died. The dressing of
sulphate of iron was too large. it produced a flush
of grass, and other effects, which upset the animals,

On September 7th 1936, nine pining hoggs were

put on the 1lron enclosure. They started'bo die,
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however, and in the end all died. The effect of
treatment on the grass could be seen for two years.

fhese experiments are mentioned to show the
risk of putting hill sheep, or pining sheep, on fields
which have been dressed with materials that produce a
flush of grass. :

The possibillties of dressing pastures with
cobalt are referred to by Hopkirk (90). He reports
that from + to & 1b. of cobalt chloride per acre has
given good results. This might also be triedi in the
Jorders. Reference has already been made on pages
86 and 87 to the question of dressing pining land with
phosphatic manures. An extenslion of this practice
under sultable conditlions is called for. It 1is
nec¢ essary to point out, however, that a 4ifficulty in
dressing hay with any of these mat;riala is that hill
sheep are often disinclined to eat hay in a mild
winter, and it is after such a winter that pining is

worst.

Points on Mineral Feeding.

It is a simple matter on any hirsel to place
mineral boxes at sultable points on the hill land.
The illustration shows the type of box which was
introduced by the writer into the Hast 3orders in 19356
fhese boxes are 2 feet 6 inches long by 15 inches high
with a retaining board 6 inches high in front. The

back is boarded up. I'mo heavy battens of wood about
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5 feet long are nailed to the bottom. fhe cost 1is
4/6d. The capacity is 20 1lbs. of mineral. The main
feature 1s the small size of the box which enables it
to be easily shifted should the ground get Airty.

This 1s a disadvantage with the ordinary mineral brick
fixed to a post. A certain amount of rain ﬁoeé no
harm to the mineral. One box to 60 sheep 1s ample.
Thus, assuming that the normal life is four years, the
annual cost of boxes on a hirsel of 600 sheep is
approximately 12/-.

A cormmon complaint among farmers regarding
proprietary mineral briclks is that a certain proport-
ion of hill sheep tend to eat an excessive qguantity,
resulting in scour and other disorders. The same
erlticism, however, has not been made against the
mineral mixture introduced by the writer. The
reasons probably are that the mixture is simple; most
of it 1s not readlly soluble; it contains no substan=-
ces of the drug category though cobalt now comes into
this class; the proportion of salt is not unduly high.

There is no real 4ifficwnlty in getting hill
sheep on any farm to eat out of boxes, though they may
take several weeks when first introdquced on to the
hirsel. The placing of rock salt in the vieinity
soon attracts them. Thereafter the lambs learn from
their mothers and no further Aifficulty arises in
future years. At least 95 per c¢ent of sheep can be

depended on to partake. On some 20 hill farms where
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the prescription of the writer has been closely
followed, all farmers have been successful, without
exception. Reports from other parts of the country
sometimes indicate a 4ifficulty in feeding minerals
oy this method. Orr and Fraser (92) tried it out in
Argyllshire but had to make a change as the sheép
would not eat the mixture. A quantity of feeding
stuff had to be incorporated. The trouble, however,
was probably an unsuitable type of mineral mixture.
It conbained 33.3 per cent of carbonate of lime. No
oxide of iron was included. It 1s suggested that the
feeding of carbonate of lime to pregnant ewes in a
high proportion such as this is undesirable. It has
been expressly avolded in the 3order experiments, and
though some farmers have tried 1t in their mixtures
the reports have sometimes not been so favourable.
Crude oxide of iron will no doubt continue to
be used in many places owing to 1ts cobalt content.
It has, however, certain disadvantages. It is
extremely dirty to handlee. It discolours the wool of
sheep about the nec¢k, and also under the fleece should
the sheep rub themselves on the boxes. Thile it
scours out of the fleece, buyers are sometimes
inclined to offer less for such wool. Again, it is
the recognised rule at the opening sale of hill lambs
at Hawlck that top Cheviot wether lambs must not be
dipped or treated in any way prior to sale. Oxide of

iron on the fleece seriously depreciates their values
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Consignments have dropped as much as 7/64. per head
owing to this cause. Oxide of iron, however, does
not require to be used after lambing. 3teamed bone
flour 1is sufficient. l'o take another point, the
suggestion has been made that the proportion of bHroken-
mouthed ewes is inoreased with the use of oxide-of
iron. The fall in value in this case is approx-
imately 10/- per heads On investipgating these
complaints, 1t has boen found that other causes have
probably been responsible. These d4ifficulties are
novw happlly removed as steamed bone flour and cobalt
are the main constituents now advised. 'The mixture
suggested for hill sheep,; as a result of experiments,
is

1 part sterilised steamed bone flour,

1l part salt,

A trace of cobalt chloride.*

+ Add cobalt chloride in accordance with the
following scale, per shesep. 30 mg. Co. to ewes
during pregnancy; 10 mg. Co. to ewes nursing;

10 mge Co. to ewes before tupping. Hogzgs, etc.,

can be glven the same mixture.

¥ineral feeding has been found of special
value at three different periods, namely, (1) to ewes
before tupping; (2) to ewes during pregnancy; (&)
to lambs after weaning. On numerous low-ground farms,
small lambs after weaning have been increased in value

by 2/64. per head by a course of mineral treatment on
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the lines described, at a cost of less than 1 penny

per head.

Annual Cost of Mineral Feeding with Cobalt.

From a number of field trials with hill sheep
in which the amount of mineral consumed was raadrded
oy the writer, (instances of which have slready been
referred to on page 215), the following eatimate has
oeen prepared. the estimate refers to a hirsel of
600 ewes, glmmers, and hoggs, together with the corres-
ponding quota of lambs and tups. The mineral mixture
is intended to be left out all the year; one box is

allowed to 60 sheep.

4 owts. sterilised steamed bone flour e
@ 7/6 $® 39 =

4 owts. salt @ 3/6 14 -
144 grammes cobalt chloride 4 -
Mineral boxes; annual charge 12 -
Total v.. £3 " - " =

'he cost per annum amounts to £3 for a whole
hirsel of 500 sheep, or 1.2 pence per sheep. The
actual cost in several cases was less than this.

The figure of 1 penny per sheep may be talken as a

fair estimate.

Practical Advantages.

The chief advantages of mineral feeding te
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sheep,on the lines worked ouq,have been found as
follows.

Pine disease is abolished.

The changing of the flock as a preventive of
the disease in endemic areas is rendered unnecessary.

There is a reduction in the number of tup-eild
ewes. There is an appreciable increase in the
number of twin lambas.

The appetite and general condition of the
pregnant ewe 1s improved. There 1s therefore
usually less abortion.

The ewe keeps more active and vigorous when
she begins to get heavy in lamb. There 1s less
pregnancy toxaemia in lowland flocks among ewes
carrying twins.

SZwes tend to lemb more up to time.

- Nursing lambs make better progress. Small
lambs after weaning in hill or lowland floocks, where
minerals have not regularly been fed are markedly

inereased in valuee.
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22, CONCILUSIONS.

lhe following conclusions are drawn from the

main work of the investlgatlon.

1. Pine disease in the Cheviot region is a
nutritional anaemia caused by mineral deficlency in
the soil or herbage of affected areas resulting in
jefective iron metabolism.

2 l'he dlsease occurs in an endemic form on the
Andesite formation in the East 3orders. 3oth hill
land and arable land are involved. The affected
district covers an area of approximately 80 saquare .
miles and carries 40,000 head of sheep.

e There is evidence that the disease first
attained serious proportions in the Cheviot region
about the beginning of the nineteenth century. his
was due to far-reaching changes in the system of sheep
husbandry, and in sheep-breeiing in particular. It
is probable that the local races of sheep were
formerly resistant to the malady. his view 1s
supported by the fact that native sheepr are maintalined
on pining land in Scotland at the present day without
a change of pasture. The'pronlem therefore has a
genetic aspect which appears to offer scope for
enquiry.

4 fhe disease 18 not duve to iron deficliency.

5. fhe adwinistration of minute guantities of

cobalt prevents the occurrence of the dlsease on
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pining land and also acts as a cure. The beneficial
results obtalned from the feeding of iron compounds
are attributable to traces of cobalt in the materials
used.

6. Small quantities of phosphorus, free from
cobalt, are of curative and prevantife value. The
feeding of phosphorus ¢ompounds only, glves snccesaful
results in practice. A deficiency in this element is
regarded as a predisposing cause of the malady.

3oth phosphorus and cobalt are presumably lacking
in sufficient quantity from the produce of pining soil
The precise significance of cobalt in animal nutrition,
apart from its potency in assisting the utilisation of
iron, 1is unknown.

7« Experimental evidence shows that no effect is
produced by the administration of traces of copner to
pining sheep.

8. fhe condition is primarily one of mineral
deficienay. The influence of parasitic infestation
of the digestive tract 1ls entirely secondary. The
treatment of pining sheep for mineral deficiancy alone
with materials that possess no known anthelminthie
properties, is successful in well over 95 per cent of
cases. This applies equally to animales which are
mildly affected, and those which are in an advanced
stage of the malady.

e The disease has & c¢lose similarity with bush

sickness in New Zealand, enzootic marasmus in Yestern
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Australia, coast disease in South Australia, and
certain pining diseases in other countries. It
appears to be dAifferent in origin from salt sickness
in Florida and lecksucht in Helland.

10 In the 3Border Counties, the nutritional
anaeria represented by pine disease 1s not aonfined to
the Andesite formation. It is manifested in various
forms under diverse conditions of soil and of sheep-
husbandry. These various types are as follows :-
(1) An endemic form of the disease is found on the
indeslte and also in locelised areas on many other
geological formations in the 3order Aresa. 'nis form
oceurs both in hill and in arable districts. (2) A
sporadic type is 1liable to occur in a proportion of
the flock on any hill farm, following a severe winter
iuring which the stoeck have bec¢ome debllitated.

(3) A type of anaemia associated with pregnancy, and
alsc prevalent among small lambs after weaning, is
found in flocks in all distriﬁts. poth hill end
arable, and on all types of soil.

All of these types respond to the same treatment
as pine disease on the Andesite.
11. It is probable that the low content of avallable
phosphorus in many soils in the area has some connec=
tion with the occurrence of these anaemlas.
12. It 1s suggested that these various forms of
anaemia may be wilely distributed in other parts of

Scotland.
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13. The system of mineral feeding worked out
during the course of this investigation has been used
upon thousands of sheep with markedly beneficial
results. Apart from its effect upon pine dlseaaq,or
anaemlia, it has other advantages. There is a
decrease in the proportion of tup-eild ewes, and an
appreclabdle increase in the number of twin lambs.
fhere is a reduction in the rate of abortion, and, in
lowland flocks, the incidence of pregnancy toxaemia is
lessened. Doaths among ewes are reduced. T.ambs
make betbter progress while nursing.

14. In practice, pine disease and allied condit-
ions can De prevented, and some of the above advant-

ages secured, Oy an annual outlay of one penny per

sheep.
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SHEEP STOCKS ON EAST B0RDER HILI FARVM3, 1935.
No. of
P Acreage| No.of Lamb Ewes,
%nm of H111| EWes, |apeeq |Nosof Crop at|Gimmers,
O+ [ Tana. |CGlmmers, 1Crops [cutting|& Hozas,
& Hoggs. %  |per acre
S 1,030 701 Bf. 5 90 «680
e 450 400 Che 5 20 « 888
% | 1,026 | 1,020 | Ch. | 4 94.7 | 1.0056
4 1,287 1,200 Che 4 886 « 932
1,446 Che 3
5 2,254 294 Bf e 5 9345 778
900 Che. 5
6 1,975 500 af. 5 94.2 «708
760 | Che. &
7 1,495 480 Bf« 4 93+6 «829
3 460 800 | Che | 4 | 100 .652
9 Ch. 5
9 1,266 248 | 3f. 5 85 «B13
10 370 440 | Bf. 4 90 1.189
11l 850 690 Cha 4 70 «811
12 700 560 Che 4 104,5 « 80
13 580 675 Che 4 117 1.16
14 036 663 | Che 4 95¢4 | 1.050
15 | 3,880 | 5,400 [ Ch, | 3 | 96 1.005
16 130 96 H. Ba S 125 « 738
THRRTY I R T
18 492 500 | Ch. | 4 90 | 1.016
19 840 560 | Ch. Z;E%fri 90. 666
20 200 | 200 | Bfs | coges | 100 1.0
L | , 740 Che 3 i
21 | 3,641 1’520 Af. | 4 86 571
22 750 720 g%o 3 100 980
400 . 4
23 610 260 | HeB. 3 100 «942
24 | 1,000 | 1,240 | Bf. 5 | 115 1.24
25 735 589 Che g___ 100 « 801
280 Ch
26 671 280 Bf: 5 100 « 834
ACRES
Total : |27 » 474 |23 » 184 ﬂch 92.38 .lﬂVt « 843

OCCURRENCE OF SHEEP 3REEDS.

Cheviot

3lackface
Half~-bred

%
7442
24453

1.5

100.0
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NO. OF CATILE SUNMNERED ON EAST B0RDER HILL FARMS, 1935.

Farm | Aoreage |No. of | No.of No. of
No. | of Hill | Cows. |Calves | Yearlings
Lani. . & 2yn~o0lds
3 1,020 2 3 20
4 1,287 20 20 20
5 2,234 2 1 -
6 1,975 2 1 -
7 1,495 1 1 -
8 460 5 5 10
12 700 1 - 7
13 580 12 12 10
14 536 14 12 A
17 766 40 40 -
18 492 5 4 B
19 840 - - 40
21 5,641 10 10 12
22 760 - - -
23 610 10 10 36
24 1,000 - - -
25 735 12 12 4
28 670 4 4 6
27 720 8 8 20
28 232 5 2 16
29 200 - - 30
30 7,200 16 15 28
Potal ...| 28,143 166 168 263
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AXPERIVENT WITH MINERALS AND VITAMINS, 1935.

Welghts of Hoges.

Group I Group II
Treated Controls
Jan.| Febs| Yay Jane| Febe | ¥Mav
ﬁg% | "4th | 2ist| 18th H_ggﬁ 4th | 21st | 18th
%1 1ba. 1bse| 1bs. *| 1vss 1bse| 1bs.
2l 68 61 80 1 68 62 80
22 65 62 81 2 63 62 79
23 64 65 80 S 70 62 90
24 56 B8 70 4 53 55 75
25 58 68 86 8 54 44 56
26 52 85 sl 6 60 5% 86
e7 64 65 86 Y 62 58 77
28 53 56 74 8 859 62 82
29 50 54 72 9 59 58 72
3 61 61 80 10 56 59 72
31 61 67 88 11 57 58 80
52 81 58 70 12 58 56 77
33 63 62 84 13 61 87 82
34 62 6b 89 14 81 51 68
36 58 54 60 15 60 58 76
36 61 54 (515] 16 60 56 -
37 71 68 90 17 - (65) | (86)
58 64 63 86 18 80 42 77
39 64 66 89 19 60 57 ™
40 62 63 Bl 20 52 50 67
Average|: 60.08 61.75 79.45 58442 56453 76.27
| ' |
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EXPERIMENT WITH 60 HOGGS

249.

ON IRON AND AMMONIUM CITRATE, 1935.
Keights of Hoggs.
Group 1. Group II.
Treated Group. Controls.
Sept |Oct. |Nove [Dec. Sepb|Oct. |Nov. [Decs
ﬂﬁga_ 12th [26th |21st | 7th E%gg_ 12th|26th [21st | 7th
% | 1bse| 1bse| 10s<| 1bs. ©¢ | 1bse| 108¢|1084| 10s.
891 | 49%| 57 | 55 | 65 921 | 37 | 32&4| 39 | 41
892 | 57 | 67 | 69 | 68 922 | 55 | 67 | 66 | 68
893 | 59 - - - 923 | 52 4&? 48 | 4
894 | 50 | 63 633 83% 924 | 48 | BB | 56 | 5
895 | 46 | B8 | B 59 925 | 47 | 87 | 57%| 57
896 | 44 | 54%| 55 | 56% 926 | 50 | 568 | 57 | 59
897 | 56 | 656 | 66% | 66 927 | 50 | 58 | 58 | 57
898 | 45 | 54 | 54 | 56 928 | 47 | 52%| 54%| 55
899 | 55&| 64 | 64 | 62 929 | B1 | 64%| &3%| 66
900 | 52 | 65 | 66 | 67 930 | 51 | 58 | 57 | 59
901 | 55 | 65 | 66 | 68 931 | 56 | 62 | 62 | 61%
902 | 51 | 62 | 63 | 65 932 | 43%| 652 | 51%| S50
903 | 48 | 59 | 88 | 59 935 | 59 | 64%4| 66 | 65
904 | 45%| 56%| 57 | 59 934 | 46 | B2 | 51 | 49%
Q05 | 51 | 59 | 57 | B8 935 | 45 | 55 | 57 | B9
906 | 49 | 61 | 61 | 81 936 | 49%| B9 | B8%| 60
907 | %9 | 40 | 35%| 38 937 | 49 | 59 | 59 | 5
908 | 53 | 61 | 61 | 62% 938 | 41 | 49 | 49 | 5
909 | 64 |72 | 71 | 72 929 | B2 | 57 | 574 56H
910 | 46 | B7 | 55% | B6 940 | 48 | 48 45% 42
211 | 44 - - - 941 | 45 | 51 | B2%4| 52
912 | 49%| 87 | 85 | 87 042 | 45%| 44 | 415 3
91% | 54 | 59 | 60%| 60 943 | 49 | 89%| 61 | 61
914 | 52 | 63%| 61 | 64 944 | 53 | 63 | 63 | 64
915 | 47 | 62 | 64%| 66 945 | 5 59 | 87 | 57
916 | 38 | 46 | 456 | 46 946 | 44%| 55%| 857 | 5
917 | 43%| B2 | 53 | 55 947 | 43 | 45 | 42%| 42
918 | 45 | 53 | 52 | B3 948 | 49%| 56%| 54 | 55
919 | 50 | 6% | 57 | 58 949 | 45 | 52 | 54 | 55
920 | 43 | 55 | 53 | 56 960 | 46 | 58 | 59&| 62
Average 48.7 |5847 (5845 |8944 || Pugapgi: 4842 [5540| 5541|5544
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EXPERIMENT WITH 60 HOGGS, 1935.

lable showing Haemoglobin values,
Comjunctiva readings, and Temperatures.

250.

Group I. Group II.
Treated Groups Controls.
Haemo~|Con~ |Temper Haemo=- [Con~ [Temper
_g;pbin+3una -ature | globin |june [-ature
_H_ggs;_ tiva | OF _H;;gg_ 3 tiva| OF
as Decs |DeCs | DeCs o DeCas |Dece| Decs
gth | 7th | 7th 9th |(7¢h | 7th
801 | 10.0 | 30 | 10441 921~ 8ed | RO | 104.9
892 | 1l.0 | 36 104.0 o922 - 26 105.2
893 - - - 923= Qedt | 20 | 104.2
894 | 10.3 | 36 105.2 924~ | 10.5 | 34 | 106.8
895 | 10.5%| 28 | 104.4 925~ | 10.6 | 36 106.4
897 10,0+ 30 | 104.6 027~ | 10.5 | 36 104.7
898 9.2 | 34 1035 P28=| 7.8 18 | 104.0
899 10.3%| 34 1055 029 - 36 1058.2
900 | 104 | 25 103.1 g30=| 846 | 20 | 104.0
901 10,3 | 28 | 104.2 931 .2 18 | 104.8
202 10.0 | 34 102.8 932~ 100 | 36 104.4
903 10.4 | 36 104.8 933 105 | 20 | 10546
904 11. 0| 34 104.0 934~ BeG | 30 | 104.8
9056 | 11.0 | 36 104.8 93556+ 8¢8 | 36 | 10541
906 9«8 | 36 | 10440 936~ - 36 10543
907 7«7 | 20 | 106.2 937 - 42 104.8
908 Be6 | BO | 10545 9358+ B.1%| 34 1036
909 1l.4+| 38 104.4 039= - 30 | 104.3
210 - 26 | 106.1 940=| 746%| 20 | 1056.0
911 - - ~ 941- Bs7 | 38 104.8
912 11.9 | 44 10445 942=| 846+ 30 | 104.0
913 | 100 | 36 | 103.7 943=| 103 | 30 | 108.2
914 11.6 | 26 105.4 944~ | 10.0 | 30 | 105.0
915 1041 | 30 | 108.8 945= | 10.0 | 20 | 104.6
916 103 | 30 | 104.2 046=| 11.5 | 34 | 105.0
917 9.1 | 34 104.0 947=| B.1*| 30 | 105.0
918 | 11.3 | &6 103.1 9487 | 11«4 | 30 | 105.2
919 9.3 | 20 | 104.2 249" | 10.0 | B30 | 104.8
920 | 103 | 20 | 105.2 950= 9«3 | 20 | 104.2
Average 10e4 | 31.2| 104.27 [Avikdss ©| ©Oed | 2944 104.84

+ Blood tested November 5th.

= Pining Hoggs.
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EXPERIVENT WITH HOG33 ON COPPER, 1935.

Copper Group. Iron Group.

Treated NDec.llth-318t,19535.| Treated Dec«11th-31st,1935

von- Con= ' Cone= Con=
4 311110 - junﬂ - ! J_u.___na huadlt (T -"'—-—__lur'l'c‘.I
Ll :iva._Wt' tiva. Bt Givad " be | tiva,

%33— Dec. | Ded. |Jan. |Jan. _H_%gg_ Decs«| Dec. |Tane |Jan.
O« [7th [ 7th [156h[15¢th O« "7¢h | 7th [165th|15th

1084 1bs. 1ba. 1bs.

924 | 56%| 34 | 51%&| 28 926 | B9 | 34 | 54%| 34
oR6 (87 | 86 | 47 | 20 930| 659 | 20 | 57%| 26
027 | 87 | 36 | 82| 30 0390 | 56% 30 | 51 | 30
931 | 61%| 18 | 85 | 19 941 | 52 | 36 | 47 | 34
@32 | 50 | 36 | 46 | 30 943 | 61% 30 | 55 | 34
O34 | 49%| B30 | 87 | 17 || 944| 64 | 30 | 57 | 28
935 | 50 | 36 | 54 | 34 946 | 6563 34 | 63 | 36
936 | 60 | 36 | 83 | 20 947| 42 | 30 | 43 | 34
928 | 50% 24 | 46 | 25 948| 55 | 30 | 508 32

945 | 57% 20 | 54%| 30
949 | 55 | %6 | 49 | 36

Average| 5877 &2 (4945| 26 |Ausensé | B616| 504 | 5205 331
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EXPERIMENT ON HOGGS WITH DI-SODIMNM PHOSPHATE, 1936.

Group I Group II
T'reated Groupt Controlat Controls Treated.
Avéragg Avéragg Avgragg Avéragg
|Con=- Con- Con- - |Con=-
Wte |WEa |junc ([Wte |WEe |Junc Wte [jone (WEes |iunc
tiva tiva tiva tiva
Aug. |Sept |Sept [|Aug. [2ept [Sept |Ho=ZZ |0ct. [0cts (02t. |Oot.
7th |28th |28th | 7th |28th |28th | Nos |1st | 1st [21st [21st
108+ | 1bs. 108+ | 1084 1084 1bs.
26| 31 | 21 38% | 38 | 21 17 | 39%| 25 | 38 | 20
30 | 82 | 31 35 | 38%| 32 18 | 38 | 35 | 41| 39
37 | 39%| 40 36 | 38 | a7 19 | 40 | 256 | 40 | 32
35 | 44 | 40 38 | 39 | 35 20 | 42%| 20 | 46 | 28
36 | 46 | 40 38 | 34 | 80 21 | 37%| 30 | 28 | 30
35 | 41%| 29 32 (39 | 36| 22 |37 | 31 | 41 | 34
35 | 40 | %6% || 37 | 35 | 40 23 | 26 | 17| 36 | 26%
38 | 38 | 42%& || 38% | 39%| 20 24 | 39 | 23%| 39%| 26
31 | 40 | 39 37 | 37 | 32 26 | 35&| 31 | 40 | 37%
38% | 39%| 35 29 | 35 | 85 £6 | 37 | 31 | 86 | 38
29 | 36 | 30 39% | 41 | 88 27 | 34%| %4 | 37 | 38
33%| 38 | 48 34 | %6%| 25 28 |37 | 26 | 38%| 35
29 | 4 53 41% | 48 | 38 29 | 40%| 2e2%| 44%| 30
34% | 47%| 38 20 | 41 | 275 30 | 46 | B 5 29
315| 41 | 31 34 42§ 25 1 | 43 | B6%| 49 | 37
27 | 46 | 40 31 | 42% | 26 || 32 | 41%| 39 | 47%| 36
37 | 43 | 40 34 | 46 | 40 33 |40 | 39 | 48 | 39
38 - - 33% | 44% | 31 34 | 45 | 43| 49 | 35
36 - - sgg 42 | 31 35 | 48%| 28 | 50 | 38
325 - - 3 - -
Il
35 |40e3 35,7 || 362|396 |33.1 Z9,8(31.1(42.5 |33.7

+ Hoggs not individually numbered.
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EXPERIV ENT ON HOGGS VWITH COBALT CHLORIDE, 1937.

Group I Group II
Aver Aver Aver Aver
-age ~age =age =age
Con=| .. Con=- : Cone=| .. Con-
Hogg| LE2 |June | 2L (Jung || Hopg| T8+ [june [*E* |Junc
tiva tlva tiva tiva
Aug. [ Aug. |0C5. | Oct. Aug. |Aug. (O0Ct. |00,
16th|16th| 5th | 5th 16th |16th | 5th | 5th
Noe 1bss 108« Noe lbﬂc lbso
61 | 37| 20 | 48 | 36 71 | 35%| 35 | 33 | 25
62 | 39 | 30 | 46 | 38 72 | 34%| 40 | 44 | 38
63 | 33%| 35 | 41%| 36 73 3:§ z5%| 42%| 40
64 | 39 | 33 | 46 | 356 74 | 414%| 38 | 41%| 32%
65 | 324 35 | 373 34 “ 7% | 3 40 | 42 | 38
66 | 42 | 30 | 50 | 356 76 | 30 | 33 | 25 | 25
67 | 42% 40 | 50%| 40 77 | 34%| 34 | 37 51
68 | 383 40| 48 | 38 78 | 39 | 36 | 42
69 | 39 | 38 | 851 | 40 70 | 42 | 40 | 41
70 | 40| 40| 44 | 38 80 | 37 | 39 | 42 se.g_T
Aver&ge D835 34.1| 4625 36.9 6.4 |37.0|39.0 53

Controls Treated.

(T'reated October 5th onwards)

Aver Aver
-age -age
. Con=| .. Cone
Hogg| ¥ |Junc | ¥ |June | g
tiva tiva "zé
Oct. | Octe |DeCs |[DECS wool
5th | 5th | 9th | 9th
Noe 1bs. leo
71 | 33 | 26 | 38 | 36&| stop
72 44 38 44 38 none
73 | 42%| 40 | 45%| 43 stop
4 | 41%| 32%| 48 | 35%| stop
75 42 38 47 40 none
76 | 288 | 26 | 87 | &6 stop
7| 87| 3 - » -
78| 42 | 36 | 43 | 43%| stop
79 | 41 | 35 | 44% 37 stop
80| 42 | ®6% 463 40 stop
Average | 39.0| 3%5.7| 42.6| 38.8
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