





{HE. QUEENSLAND JOURNAL OF

AGRICULTURAL SCIENCE
Vol 9. - - No. 2

JUNE, 1952.

CHRONIC ENDEMIC FLUOROSIS OF MERINO
SHEEP IN QUEENSLAND.

By J. M. HARVEY, M.Sc., Senior Chemist, Biochemical Section, Chemical Laboratory,
Division of Plant Industry.

CoNTENTS.
PAGEH,
Sumamary .. . .. . .. . . ‘. . e . ‘. i7
Introduction . .. .. .. .. .. .. “ .. . .. 48
History .. . .. . .. .. .. . N .. .. .. 49
Recorded Experimental Observations .. .. .. .. .. .. .. . 51
The Occurrence of Fluorine in Water in Quecnsland .. . .. .. .. 54
Investigations of Fluorosis in Queensland .. .. .. . .. .. .. 63
Methods of Anelysis .. .. .. .. o .. .. .. s &3
Trangmission Studies .. .. . . .. .. .. .. .. [if:3
Alternative Sources of Fluorine for Sheep .. .. .. .. . .. 59
Dietary Mitigetion Studies . . . .. .- .. .. .. .. 7
Blimination of Fluorine from Artesian Water .. .. . .. .. .. 130
Management of Flocks in Endomic Arvess .. . .. . . .. I -1}
General Conclusions .. .- .. .. .. .. . . .. e 134

SUMMARY.

1. The distribution in Queensland of widerground watcrs containing
vartons amonnts of fluorine is mapped.

2. Levels of fluorine toxic to Merine sheep are largely confined to
thermal bicarbonate waters,

3- Transniission studies indicate that there is little or no transurission of
fluorine from the cwe to the foctus on waters containing up to 1o p.pon.
fluariue aud that no appreciable amount of fluorine is transmitied through the
milk.

J- Dictary wmitigation studies shew that the feeding of dicts high in
protein, calcium or phosphate is not cffective in combating flucrosis in sheep
on waters containing 5 and 1o p.pan. fluorine,
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_ 5. Fluortne in the drinking water affecis flecce wweight (in-d-q-rmiitj' aidy
indirectly, Hirouglt its tupairment of grazing cfficiency of the enfnal.

6. Storage of fuovine in the cdible portions of the sheep after iwe years
on water containuig up to fo poptie. fluormie is wet high enough to constitute
« danger fo mans,

7. Teeth wund bone lestons assoctated with fluovosis are  dlustrated.
Bavification rother than thickening of the bones is showon

8. There appears to be no ccenomical wethod of reducing the fluoriie
content of stock waters in Queensland.

0. Methods of management of werious classes of sheep which will
minimise the harmful effects of fuorine are suggested.

INTRODUCTION.

Chronie endemic fluorosis is a disorder associated with the intake of
toxie lavels of fluorine.® It affects all classes of domesticated animals ag well
ds man.  In Queensland, the high fluorine level of many waters, chiclly from
artesian and sub-artesian bores, in the Great Arvtesian Basin (see Appendix)
is responsible.  The industry most affected is Merino sheep production.

The mwst obvious manitestations ave the dental abnormalities which
secur in anhnals continuonsly exposed to fluovided water. The teeth are
modified in colour, size, orvientation, shape and structure. Rednction in
hardness results in pitting of the neisors, often 10 a definite horizontal pattern,
and seleetive abrasion of the molars. The teeth wear unevenly through
chipping and,/or snapping at the lines of pitting. . The mandiblc may become
thickened, either by isolated cxostoses or by a diffuse covering of periosteal
bone, and in severe cases other bomes may be similarly affected. = With
continned high fluorine infake, wealkness and impairment of the use of the
limbs and thickening of the joints are appavent. Ockerse (1946) and Lyth
(1946) deseribed identical symptoms in man similarly exposed. The clinieal
pivture was stiffness of the spive with pain in the lumbar region, and pain
and stiffness of joints of the wpper and lower limbs.  Ossification of the
vertebrae and ligamenis, with osteophitic growths and periosteal deposits on
other bones and joints, has been recovded. ' ' '

In livestock in Quecnsland the most sevious effect of fluorosis is the
damage to incisor and molar tecth, forr in advanced cases ‘the animals ave
unable to gather or masticate the harsh fodder of pastoeral aveas during the
inter-monsoonal period and they may become less productive or even succumb.
The pain throughout life, in the case of badly affected animals, could he a
major factor in reducing wool and meat production. The shortened breeding

# The speeifie term *‘ Huoring’ will be used in this paper. It will be understood that
the free clement, fluorine, does not oecur naturdlly and ‘that fluoresis is assoeiated with the
intake ot fluerine in a combined form snel "as sodivm fluoride, i s
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life of ewes and the increased mortality of lambs al birth or soon after
contribute t6™¢ slow natural inerease in flock numbers. During drought, when
food becomes scanty and more fibrous plants are eaten, the effects of fluorosis
may be greatly accentuated,

The disease has been recognized in Queensland only since about 1940,
and its importance is perhaps not yet fully realised. It had been known for
some time priov to the first recording of dental defects due to Huorosis in 1941
that wool production was lower in areas now known to he endemie, but a
-disorder such asfluorosis had not been suspected. One reason for this may
have been that it was not common to exawine the months of sheep, as there
was little need to drench for worm contvol and sales of sheep were not common
because of low lambings and low wool production. Further, many large
properties had not then been subdivided and sheep would have had access to
more than one source of water, with a consequent reduction of the severity
of dental lesions.

The significance ol the disorder to the sheep industry in Queenslaucd
was stressed by the Agrieultuval Chennst of the Department of Agrienlture and
Btoek in the Annual Report of the Depariment for the year 1945-46 (White,
1946). Ile stated, as 2 result of preliuinary surveys: 5. . .. the seriousness of
the position had not been underestimated, It iy felt that the more or less
stationary level in Queensland sheep nunibers is in no small measure due to the
very wide distribution of Heorided undeveround waters,” '

HISTORY.

Fluorine, the most chemically active of the halsgens, was isclated
by Moissan in 1886, Tt is estimated to constitute approximately 0-1 per cent.
of the first half-mile of the earth’s crust.  [ts most abundant occurrence is ax
a constituent of flworspar (CalF.) and cryolite (3NaF A1), but it is also
present in such minerals as biotite, towrmaline, sellaite (MePB.), phlogopite,
museavite and flucapatite.  Rock phesphate, the rvaw naterial used in the
manufacture of commerelal superphosphate, may contain over 4 per cent. of
fluovine.

The earliest records of fluorine poisoning in dowestic animals are
associated with voleanie evuptions. Tn leeland, in 13160, losses were recorded
in sheep. Losses also oceurred in the eruption of Flekla in 1845, and in the
folowing year emaciation, decreased milk vield, weakne:s and jmpairment of
the use of limbs, thivkening of the joints and developrient of exvostoses of
long bones and jaws became apparent in surviving animals. Mottling of
the teeth, with selective abrasion of the molars and pitting of the incisors, was
also deseribed.  These findings were recorded by Roholm (1837a), whe, by
examination of musenm specimens preserved singe 1845, wax able to show that
the disease was a chronie fhiorine intoxication.

The first mention of *“‘mottled enamel’ was probably made by Kuhus
(1888), who observed black spots on the teeth of people in 3Mexico. Similar
conditions were recorded in Ttalian emigrauts (Baeer, 1901).

[t
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The oceurrence of a disease similar to that recorded in Iceland has been
reported among animals grazing in the neighbourhood of various factories.
The industries prineipally concerned are those produeing superphosphates,
hydroflucric acid, glazed bricks, copper, aluminiom, glass and enamel
Bartolucei {1812) first ascribed this disorder to fluorine. He stated that an
ceccurvence of the disease in cattle was assoeiated etiologically with fluorine-
containing gases emanating from the factory, and that water from a well sunk
near the canal carrying the factory effiuents contained fiuworine. A deseription
of the disabilities saffered by snimals in the neighbourhood of a factory at
Freiburg, Saxony, which utilised fluespar as a fux, was given by Hanbner
(1878). The earliest fluospar fluxes were made from the best caleium fluoride—
this would mean the maximum liberation of hydrofiuovic acid and wenld
explain the high ineidence of fluovesis noted in the early records.

The disease was first deseribed in the United States of Ameriea as
oceurring in humans at Colerado Springs (Fyun, 1910}, MeKay and Black
{1816) postulated that the eticlogieal factor was some rare element present in
the drinking water during the period of caleification of the teeth. This
conclusion was reached after studies had shown that the incidence of mottled
feeth was limited to certain well-defined peographical arcas and there only
to those individuals exposed during the years of enamel formation. It was
also found that after the water supply of Colorade Springs was changed no
more cases of wottling veenrrved. Tt was not until 1931 that Swith, Lantz and
Smith (1931}, Churchill (1931) and Velu (1931}, working independently,
proved beyond doubt that fuorine in drinking water causcs mottled enamel.

The disease has now been reported from practically every country in
the world. The trouble known as “‘darmous,’”’ which cecurs in horses, cattle
and sheep as well ay in huwmans in Algeria, Moroceo and Tunis, has been
shown to be due to poisoning by fiuorine (Velu, 1932; Gaud, Charnot and
Langlais, 1934). Dean and MeKay (1939) reported 375 known endemic arcas
in U.S.A. Cases have been reported from Canada by Walker and Spencer
(1937); from Mexico by Kuhns (1888) and Mazzotti and Gonzalez (1939);
from the Argentina by Chaneles (1932), Munoz (1934) and Erausyin (1934,
1935) ; from adjoining countries in South America by Damon {1930); from
North Africa by Velu (1932, 1933, 1934, 1938) ; from South Africa by Brown
(1935), Raubenheimer (1938), Staz (1938), Steyn (1938-39) and Ockerse
(1941, 1946); from Japan by Masaki and Mimura (1931); from China by
Anderson and Stevenson (1930), Anderson (1932), Ni (1837) and Lyth
(1948) ; from Java by Liang (1939); from India by Shortt ¢ el (1937),
Shortt, Pandit and Raghavachari (1937), Pillai (1938), Wilson (193%), Day
(1940), Raghavachari and Venkataramanan (1940) and Pandit ¢t al. (1940);
from England by Ainsworth (1933}, Morgan (1939} and Wilson (1939); from
Seotland by the Medical Rescarch Couneil (1949); from Italy by Rieel (1933);
from Hungary by Straub (1904); from Bahama Islands, the Barbadoes,
Cape Verde Islands, Spain and Holland by MeKay {1930) ; and from Greeee
and neighbouring slands by Tiambadarides (1940, 1941) and Koutsouveli
(1940).




CHRONIC ENDEMIC PLTOROSIS OF SHUEFERT. |

Its oecurrence in Australia was first officially noted in 1937 by Clements
{1939), who observed the typical lesions in bumans from two Queensland
towns, White (1944), Seddon (1945} and Moule (1943) found the dental
lesions in all stages among sheep using certain bore waters as their only
drinking supply.

RECORDED EXPERIMENTAL OBSERVATIONS.

The effeets of continual ingestion of fhuorine from a variety of sourees

have been investigated in cattle, sheep, goats, pigs and poultry. Peiree (1939}
reviewed the experimental findings up to 1938, fn all experiments animals
showed reduced appetite and less efficient utilisation of food when the ingestion
of sublethal amounts of fluorine was confinued. This resulted in less rapid
growth in the young and loss of weight in mature animals. Unthriftiness,
anorexia and death followed the ingestion of relatively large amounts of
flnorine.  Specific chemical and morphological changes were manifested in the
bones and teeth. The normal ivory colour of the bores changed to chalky
white and the diameter of the crosssection of the long bones was ineveased,
due in part to an enlargement of the marrew vavity but mainly to an inerease .
in the thickness of the bhone substance. Bxostoses of the long bones and of
the jaws were a common feature. The teeth, particularly the incisors, became
pitted and eroded. The molars becante abraded and mneven wear seriously
hindered mastication. In some cases the pulp cavities were exposed, either
by fracture ov by wear, and this led to counsiderable pain with all its conse-
quences,  Few, if any, dental changes occurved if the teeth had been fully
developed prior to the ingestion of fluorine, although bone changes canld be
induced at any age.

It has been shown that normal bone tissue contains some fluorine, and
it may well be that this clement is a necessary constituent of healthy bone.
However, the continned ingestion of flnorine at velatively high levels inercases
enormously the flugrine content of bone and tissue as well as of some other
organs and body flulds (e.g., thyroid and blood). Atrephy of the spouglosa,
defective and irregular calcification of the newly formed ogeous tissue and
active periosteal bone forwation, which is considered to vesemble the histological
picture of osteomalacia, have been described in the bones of pigs, cattle and
sheep suffering from the chronic effects of ingestion of fiuorine.

Comparison way be made between the depusition of phosphate and that
of fluorine. Both ave preferentially deposited in the lony bones. Neuman
et al. (1950) showed that, at low concentration. fluorine replaces the hvdroxy!
and bicarbonate group and is stored in the hone as caleiun finoride. In
addition, finerine aets as an enzyime poison at the point of access.  The
mechanism that the body adopts te remove oxcess fuorine is similar to that tor
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the detoxication of lead, both being taken out of cireulation by deposition in
bone. Removal of lead from bone is now possible by de-leading treatment, but
fluorine does not appear to be released by any method.

Other cffeets of fuorine poisoming which bave been described are
reduced mik yield in cattle and reduced egg production in poultry, both effeets
being no doubt eorrelated with Jowered food intake. Ioth diuresis and increased
water consumption have been observed, with diarrhoen as a frequent symptom.
Anaemia and photophobia have been reported. Caleinm and phosphorus
retention and levels of serum calcimun and phosphorus have been found to
vary with different species of animals. Early eruption of the permanent
incisors has been obzerved in sheep.

The detrimental effects of fluorine i animal autrition have been
established by a number of investigators. Reviews have been published by
MeClure (1937) and Mitehell (1842).

The possible toxic levels of fluorine in mineral mixturves for livestoek
has received considerable attention. The Association of Awmerican Feed Control
Officials, in its official publication (1942}, proposed that mineral mixtures for
sheep should eontain not more than 0-35% flnorine and that the coneentration
in the grain ration should not execeed 0-01%. Peiree (1938), using breeding
cwes without aecess to pasturve, concluded that the toxie level was between
00119 and 0-019% of the total dvy ration. Mitchell (1942) coneluded that
the finorine concentration in the total dry ration of sheep should not exeeed
$-003%, but he made no veference to the special requirements of lambs and
breeding ewes.

Shrewsbury et el. (1944) investigated the tolerance of growing lambs
for finorvine contained in rock phosphate added to a graiu supplement. The
basie ration was lueerne and elover hay in winter and blue grass pasture in
summer,  The results way be sunmmarized as follows:—

(1} For lambs, the maximun safe level of fluorine in rock phosphate
was 1.5 to 3.0 mgm. per kilogram body weight daily. The standards
wsed were teeth and boue characteristics.

(2] For breeding ewes, all levels of fluorine had some effect on
maintenance in the second and third years after exposure to
fluorine.

(3) The growth of lambs was not affected by the fluorine ingested by
ewes, nor was birth rate or birth weight.

{4} Wool prodnction was not atfected.

(5) Fluorine plays some part in iodine assimilation, inereasing the
storage of jodine in the thyreid. Iodine does not counter the
deleterious effects of fluorine.
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A number of factors appear to have been overlocked by most workers
in their studies on the harmful levels of flnorine in mineral mixtures. These
include :— '

(1) The percentage of fluerine in the rvation means little unless
eorrelated with both total intalte and the form iz which fiuorine is
fed—this was considered by Shrewsbury ef af. (1944),

(11} The findings may not necessarily be applicable to all breeds of
sheep. :

(iii} The influence of the type of ration or pasture could be important.

{iv) There is a possibility of transmission of fuorine through foetal
circulation or through milk.

These factors counld well explain the wide variation in recorded toxic
levels of fluorine in mineral mixtures.

The toxiecity of fluorine as a fluoride in solution appears to be greater
than when the same salt is consumed in the solid state. Velu (1932) recorded
that a daily intake of 0.5 mgmn. of fluorine per kilogram body-weight n water
was as toxie to sheep as rock phosphate mixed with the ration n sufficient
gquantities fo supply 20 mgm. daily. Marcovitch and Stanley (1938) established
a marked difference i the cumulative effeet of fluorine in rats consuming
fluorine in the drinkine water and those with the same fluorine intake in the
ration.

No attempt has been made to define the limits of fluorine in water which
will produce symptoms in sheep. In faet, minimal levels of fluorine in the
drinking water which will be harmful arc not known for any animal, doniestic
or otherwise,

It is apparent from clinical observations in affected areas that man is
more suseeptible than sheep. Van der Merwe (1940} stated that quantitative
epidemiological-chemieal studies by the American Public Health Serviee showed
that mottling of the permanent feeth in man is cavsed by using water containing
fluorine in excess of 1 p.p.m. for both eocoking and drinking puarposes during
the period of dental suseeptibility. Sugawa (1938) observed a high incidence
of wottled teeth amongst the inhabitants of the island of Sakishima using
water eontaining 0-7 to 1.0 p.p.m I, and in peeple in the Kageshima perfecture
of Japan on 0-3 ppm.P. Zelmanova, Forst and Shafir (1937) reperted that,
on water eontaining 0:02 to 0.9 ppm. 7, 6% of children showed ealeareous
spols on the teeth.

Van der Merwe (1940) observed no visible effects on the caleifieation of
teeth of cows, goats, sheep and donkeys of water containing up to 8 p.p.nm.F.
Velu (1938) stated that water containing 7 p.p.mF as ealecium fluoride did not
affect the teeth of animals. Steyn (1937) stated his belief that a fluorine
eontent of at Jeast 4 to 6 p.p.m. in the drinking water is necessary to cause
enamel defects in animals. His observations were made on stock during the

c
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susceptible period when permanent teeth were heing laid down, but appavently no
consideration was given to the infiuence of season or diet on the incidence of
the disease,

There are indications that mild sywptoms in Queensland can be notieed
in sheep on nneh lower levels of fluorine than those guoted above. Moule
(1945) stated that water containing 2 p.p.mnF produces lesions in the teeth
of Janbs. Goats und sheep running on a towa eounuon in western Queensland,
and watered by a bore confaining 24 p.pal®, were found to show mild
fuoresis. Sheep on a water which contained 05 ppaF at the bervehead
{see Appendixy showed large white teeth angl mild fluorosis.

Tlhie difference in the opinions expressed on the minimal Hoorine levels
in drinking water neeessary to produce symptows of flnoresis in sheep under
field conditions iy due to 2 vwmber of factors. These may be summarized as
follows :— '

(1) The age of sheep when they fivst have access to fluorided water,
Lambs are most vulnerable; grown sheep are almost unaffected
by Jlorine Tevels in the drinking water whieh would produce
serious effects in lambs.

(27 The duration of aecess to and protection frow fluovided water.
On many properties in endemic areas, surface water is available
for some period in most vears.

(3) The rate of water evaporation. The concentration of fuorine
at a bovehead is genevally mwuch less than at distances along the
bore dvains, in dams or in drinking trounghs.

{4} The prevalence of sucenlent feed. This depends on the season
and greatly influences the animals’ water consumption.

(31 Other possible soureces of Huorine, such as plants containing
fluoriue.

(6) The guantity and composition of the feed.

THE OCGCURRENCE OF FLUORINE IN WATER IN QUEENSLAND.

Fiex, 1-6 show the distribution in Queensland of underground wafter
rontaining Huorine.  The maps have been draswua up in terws of bore bloeks,
pach of which is the area onelosed by one degree of latitude and one degiec of
longitwde.  Eael mavking within a bore block indicates a water sample from
that bore Dlock but wot the site from which the sauple was drawn.

The average as shown o these waps s somewhat fortuitous in that
more satiples have heen submitted Freom some bloeks than from others. Freom
the wminarked blocks, ne samples bhave been taken.  Undergroand waters
ontside the Great Artesian Basin have also been ineluded, as isolated cases of
saclr waters eontaining finorine liave been found.
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Bond {1546) made the following statement regarding fluorided waters
in South Afriea:—°It is only the Red Granite water and water issuing from
the Pilansberg alkali rocks that consistently contain fluorides over 1 p.pm.
Some Old CGranite waters do contain a high fluoride level but this is not
a consistent featuve, There are a few isolated cases where high flueride has
heen found in waters arising in other formation. Also with very few exceptions
only waters which contain sedium carbonate or sodium biearbonate have an
appreciable quantity of fluoride. The converse is not neccessarily true.
Fluorite and fluo-apatite is a commen aceessory mineral in the Red Granite
and Pilansberg alkali rocks.”

McKay and Black (1916) noted that at Colorado Springs, in the
T.8.A., where mottled enamel is recorded, the geological formation is ‘also
granite.

Lindgren (1933) stated that fluorine is present in many waters, both
superficial and deep, but it appears in larger quantities In waters of the
sodium carbonate type.

Shortt, Paundit and Raghavachari (1937) showed that in India zones
of endemic dental fluorosis are underlain by granite or gneiss.

Whitehouse (1947) discussed the following three known extensive aveas
of high fluerine concentration in Queensland . —

(@) About Eulo-Hungerferd; lat. 28°-29° long. 144°-145°,
{b) About Cloncurry-Julia Creek; lat. 20°-21° long. 140°-142°,
(¢) North and east of Blackall; lat. 24° long. 1457-146°,

Arecas (@) and (D) were reported to be close to and probably genetically
related to bedrock granites. Of avea (¢), where fluorides occur in all sedimen-
tary series, it was suggested that there is a persistent source (not yet obvious)
somewhere to the cast which has shed fluoride minerals during a long period
of time. Additional arcas of high fluoride content are at Roma (granite
basement), Longreach (granite basement), and the extensive shed from the
igneous eomplex in the area between Hughenden and Croydon. The following
conclugions were drawn from the examination of the geology of area (b) in
the licht of analvtical data supplicd by the Depavtment of Agriculture and
Stoek i —

(1} Floorides are associated with granite bedrock or with primary
granitic detritus little dispersed from its source.

(2) Fluorides are produced in sifw in the presence of sodium
carbonate or bicarbonate but do not seem to be related o the
absolute guantity of carbonate.

(3) Temperatures are of the order of 100°F.-150°F.

o
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(4) Fluorides oecur when a slowing down of pressure water percola-
tion could be expected—at the bottom of a structural slope on
the one hand and in the poorly flushed elevated confined ends
of aguifers on the other,

{5) The fluorine content of the bores is extremely uneven, varying
from nil to 14 p.p.an., indicating that they are produced 7n sily and
nof transported for any appreeiable distance without marked
dilution.

{6) -‘The provenance of this sediment could supply the necessary
Huorine  souree minerals — fluorspar, apatite  and nossibly
eryolite.

{7) Fluorides are then of limited oecrarence and distribution,
produced where a combination of favourable factors co-exist—
detrital granite sounree, sufficient sodium carbonate or bicarbonate
coneenfration, appropriate temperature and pressure and restrie-
tion of ground-water flow to allow sustained contact of souree and
attacking solutions and restricted dispersal of fluorides when
produced.

While it is logical to conelude that the fluorine present in artesian watoer
comes from parent source inerals containing fluorine as calcium fluoride,
this does not explain the occwrrence of nnderground water containing finorine
in excess of 8§ ppm. From solubility considerations, it is inconecivable that a
level in excess of 8 p.p.m.F. in solution could secur as caleium fAuoride. The fact
that fluorine is associated very largely with thermal bicarbonate waters tends to
indicate that bicarbonate at high temperatures and high pressures, for long
peviods of time, plays some part in the conversion of parent ealeinm fluoride to a
more soluble flnovide salt, a procedure which cannot be explained by simple
ehemieal reactions under laboratory conditions. Some system of jonie exchange
mvelving sodium hydroxide progressively formed from sodinm biecarbonate at
high temperature would appear to be highly probable. Analogy could he drawn
with the production of sodium fuoride in solution in the regeneration of spent.
bone by means of sodiwm hydroxide solution. Iiere a specially prepared
product is used, on a small seale, for the removal of fluorine from affected water
and regeneration of the product is effected by means of sodinm hydroxide.

Examination of analytical data for the waters analysed in connection
with the Fluorine in Water Survey econducted by an inter-Departmental
Committee appointed by the Queensland Government reveals that toxie fluorine
levels are largely confined to thermal bicarbonate waters, but such waters are
not necessarily heavily flunorided. Unlike those of South Australia (Ward,
1945), a number of waters in Queensland have been found to contain both
sulphate and fluorine.
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INVESTIGATION OF FLUOROSIS IN QUEENSLAND.

In 1946 it was decided that vesearch into some features of flneresis in
Merine sheep should be made. Although a considerable nwmber of water
analyses had been carried out, somne endemic areas mapped, and most of
Whitehouse's (1947) hapotheses postulated, no information was available on
the following .—

(1) The transmission of fluorine by cwes drinking toxie fluorided
water cither (&) through foetal eirculation, or (&) to the growing
lamb threugh the milk.

(2) The possible alternative sources of flaorine to sheep in endemic
areas.

(8) The effect of various rations on the onset of symptoms of fluoresis
inn sheep drinking fluorided water.

(4) The accumulation and the excretion of fluorine by sheep using
fluorided water.

(5) The accmnnlation of fluorine in keratinons tissue as a possible
index of the degree of exposure of sheep to water containing
fluorine.

(6) The practical elimination of fuorine from affected water in
eudemic areas.

(7} The mitigation of fluoresis by management of floeks.

(8) A satisfactory explanation of anomalics In the incidence of
finorosis in sheep as judged from water analyses.

Methods of Analysis.
The method of analvsis used in these investigations is essentially that
published in a report of a Sub-Committee of the Analytical Methods
Committee (Society of Public Analysts, Great Britain, 1944).

Because of the large number of fluorine analyses reguived, some
automatic system of temperature coutrol was desivable in order to maintain
a constant temperature at the required optimum (140°C.} in the distillation
fiask. The equipment devised for this purpose is shown on page 64, It consisty
essentially of a 250 ml “‘Quickfit”’ flask with a sidearm carrying a steam iniet
and a thermometer. A glass bulb and column filled with merenry fits almost
to the base of the flask. Gas heating is used, the gas passing through a
small jet centrally placed above the mercury colwmi. The position of the jet
ig then adjusted so that at the desired temperature (140°C.) the mercury
column rises to just cut off the flow of gas. A stopcock provides a bypass of
gas to the burner, the position of the cock being adjusted to maintain
a small flame when the thermostat takes control.
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Some diffienlty  was  experienced in  defining  sources  of fluoring
contamination. This was traced to three causes:— _

(1) The technique for the preparation of fuorine-free calcium
hydroxide, as outlined by the above method, did not vield a
fluorine-free produet, even when AR. grade chemicals were
employed. The method outlined by Maelutyre ( 1945)  was
adopted and has proved satisfactory.

(2) The glass beads used in the distillation flask, both as a souvree of
silica and to prevent bumping, were found to contain fluorine.
The substitution of pyrex glass chips proved satisfactory.

{3) The electrie furnace used in the ashiing of samples was shown
to be unsatisfactory. Apparently the lining of the muffie was
either cemented with a fluoride finx or contaminated with fluorine
from previous ignitions. The use of a non-cemented furnace
climinated this souree of ervor,

A large number of water samples collected in connection with the
Fluorine in Water Survey were analysed by the method of Clawson, I(halif
aind Perks (1940).

Samples were preparved for analysis as Follows:—Soils were air dried,
powdered and oven dried at 105°C.; pasture was air dried, ground in a Wiley
mill, and dried in an air oven at 105°C.; biological material was dried in a
vacuam oven prior te grinding in a Wiley mill; bones and teeth were
thoroughly cleaned, dried, broken into small pieces, extracted with ether in
a Soxhlet, after which bones were ground in 2 Wiley mill and teeth pulverised _
1 a percussion wortar,

Transmission Studies.

A survey of the available literature gives conflicting data on the fluorine
content of mills. Phillips, Hart, and Bohstedt (1934) noted that cows ingesting
roek phosphate excreted fluorine in the milk at the rate of 025 to 0.5 p.p.m.,
which ig comparable with amounts excreted by normal animals. On the other
hand, Huffinan {1938) stated that increased amounts of {luorine are exereted
in the millz, but he did unot guote Jevels. A Memorandum on Industrial
Fluerosis near FFort William in Scotland (1948) published information on the
fivorine levels in the milk of cows and ewes grazing on fluorine eontaminated
pasture. The highest fisure for cows’ milk was 044 ppm.P and for ewes’
milk (62 ppm. P, levely which were not considered to be of practical
miportance.

Smith, Lantz and Smith (1935) found that children did net show
mottling of the deciduous teeth where the mother was using water containing
up to 6 p.pmF, The results of transmission studies with rats were m
agreement with these findings. Ilowever, further imvestigation showed that
severe mottling of deciduous teeth did oecar when the mother used water
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containing a hish fluorine level (e.g., 12 ppm.F). These workers concluded
that this indicated the passage of fluorine either into the foetal system or into
the mother’s milk,

The possibility of fluovine exerction in milk of vows depastured in
endemic aveas of Queensland and confined to artesian water containing
T ppaF was examined. The level of fluerine in the milk did not exeeed
25 p.opan,

It was decided to investigate the fluorine transmission both through
foctal cireulation and through the milk of ewes exposed fo water containing
fluorine as a soluble flusride. The value of infermation on fluorine trans-
mission, under conditions of cxposure to fluorine in the drvinking water such
as obtain in endemiv aveas of Queensland, would lie in its bheaving on stock
managenient,

Six suitable ewes, of predominantly Merino breed and with lambs at
foot, were selected. Theyv were divided into three groups each of two animals.
The ration was lucerne chaft ed /b, plus 4 oz. of maize meal daily. In all
groups the composition of the drinkine water was adjusted to eorrespond
with that of an affected property—mnamely, 30 grains per gallon (430 p.pam.)
sodinu chioride and 30 grains per gallon (430 p.p.m.) sodiwm biearbonate
—and the fluorine level adjusted in cach group as under:—

12

Group 1 on water containing pmF
o

Group 2 on water eontaining 5 ppm.T

Greup 3 on water centaining 10 pp.m.I?

At the end of the second week the following procedure was adopted.
Lwes and Jambs were separated, and the next morning each lamb was allowed
access to the ewe for a fow minutes. This made the ewe let down her milk
and a sample was then taken by hand. Samples of milk from each ewe were
collected at weekly intervals and analysed. Trrespective of the fluorine
content of the water (up te 10 p.pmnJ?), the level of fluorine in the milk
did not exeeed 0-2 ppam. for the 11 weeks during which the ewes remained
m milk. Water consumption averaged 4-5 litres for each sheep daily.

Further studies on fluorine transmission by these experimental ewes
weve delayed until the next lambing for the following reasons:—

(1) The ewes had not been cxposed to fluorided water prior to the
first lambing.

(2) The possibility that lack of enhanced fluorine excretion might
be due to fluorine storage.

{3} The assumption that by the next lambing the ewes’ storage
depots for fhuorine would have reached saturation.
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During the intervening period, the ewes were divided inio fwo groups
and fed lueernc ed lib. Group 1 was placed on water containing 2 p.pm.F
and Group 2 on water containing 10 p.p.am.

These two levels were selected because

(1) They represent a ‘‘low’ and a ““high’’ fluorine intake as judged
by eclinical studies in affected arcas of Queensland,

{(2) Fluorine levels greater than 10 p.p.m. are not eommon in endemic
arveas of (Jueensland although concentration by water evaporation
may -allow an increase to a level in execess of 10 p.pm. (50 p.pm.F
has been recovded in water stored in an earthen tank).

{3) The harmful effects to the unborn lamb by foetal civeulation of
flucrine had alveady been indicated by field observation where
the fluorine level m the drinking water was 15 p.p.aL

(4) Fluorine levels in exeess of 12 p.p.m.F were known to be trans-
mitted by the parent to cause serious damage in human nutrition.

In addition to information on foetal transmiission, some knowledge of
the effect of a lowering of the ewe’s caleium and protein intake and the
possible result on fluorine exeretion in the millk was desired. A ration high
in protein and/or lime might conceivably exert a buffering effeet and thug
lessen the toxic aetion of fluorine and limit the exeretion in wmillk. This iy
discussed further in the section on Dietary Mitigation Studies (page 74).

For the first two weeks after the second lambing, the ewes were kept on #
‘ration of lucerne chaff, Again the fiuorine eontent of the milk did not excced
02 ppmF. During the third weck, oaten chaff was gradually introdueed.
The finerine level inereased to 0-3 p.pam. in Group 1 and to U6 p.pao. in
Group 2. By the fouwrth weel the ewes were on oaten-cehaff only and the
fluorine level in the milk was back to 0-2 p.pan, It did not again exeeed this
level. The protein and the caleimm levels in the Imcerne and oaten echaff
were :—Iueerne chaff, 16-1% protein and 073% lime (CaO); oaten chaff,
6.8% protein and 011% lime (CaO).

The lambs did not have aceess to the Huorided water available to tiwe
ewes. Rach pen was fitted with a ereep sufliciently low to permif entrance
by the Iamb but not by the ewe. The lambs were given fluorine-free water in
the creep. Water ting were mounted on a raised platformn sufficientiy high to
be out of reach of lambs but accessible to the ewes. Sloping barriers of
plain galvanized iren prevented the lambs from climbing.

The Iambs were slaughtered at six weeks of age and two lambs of
approximately the same age and depastured on finorine-free water were
slaughtered as contrels. Slaughter at this stage rather than at birth was for
the following reasons:—

(1) It enabled the ewes to be kept in milk long enough to investigate—

{2) Fluorine exeretion in milk by ewes exposed to fluerided wate_#-.' )
for a long peried. (The possibility of lack of fluorine cxeretion,
in milk, due to storage in the first trial, was thus eliminated.)
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(b) The offect of lowering hoth caleium and protein intake in the
ration on fluorine exeretion in the milk. (The possibility of
lack of fluorine excretion in imilk, due to a high protein and/or
high caleitun diet in the first trial, was thus climinated. )

(2) The low flnorine content of the milk, as determined by analysis,

indicated that this source of fluorine to the lambs would not
affect deduetions on foetal transmission.

(3) Analysis of the ration indicated that this source of finorine
wonld not affect deductions on foetal transmission,

{4) Weight gains in lambs during this period should not interfere,
as fluorine accumulation in bones and teeth was to be compared
with that in lambs of the same age, born from ewes not exposed
to fluorided water.

Table 1 records the fluorine content of bones and teeth, and Table 2
the finorine levels found in the organs of lambs from each group.

TFable 1.

Fryoowixe CoxTENT 0 Boxes AXD TEETI {p.r.a).

Control Group. Gronp 1. Group 2,
Tione or Lanbi, I Lamab 2, ' Lainly 1. Famir 1, | Lamh 2,
Tenth, . . ! X i I | !
Water- | Water- ’ I Water- | U oWaker- | | Walsi-
Cratfree TooAsh, ! fatele s Ash, i fab-free | Ash. Ctatefree | Ash, C Fatfree Ash.
! hone, i hon brinawe. | poboe 1 bote.
tadive .. 86 0 76 46 ‘ 65 1 42 1 38 g0 0 122 | 11y 1 oes
Motacarpus | 43 0 50 | 34 ax | a8 | 67 | 107 | 133 | o3 | 128
Femae .00 #2 ° 58 1 65 ¢ o7 | LTI g0 | o117 | 109 152
Tibia I 4 S it f 73 1 82 46 iz 156 | 101 138
Motatarsus . 45 | 57 0 L 55 1 26 3G 85 113 104 129
Mandible .. 1 30 | 67 ; 88 © 116 ! 26 33 75 97 | 118 153
Middle ‘ | ! ’ F
ingisor . L3z |40 27 ‘ 31 | 43 b 85 102 1y 0 141
Ist molar , 37 | 47 43 1 31 | 53 68 ¢ 59 416y 86
dthrib .0 48 ;70 66 1 98 ‘ 29 48 59 83 ;08 133
. : 32 1 45 30 1w ro32 .o a2 87 1G3 ' 48 148
Table 2,
Frvorine GoyTEXT OF ORGANS (P.P.M. DRY MATTER).
Caontrol Groun i Grongp 1. l Gronp 2.
frean, J— : ; R
\ Lanaby 1, | Lamb 2, r Taumls 1, | Tamb 1, Loamb 2.
Livor L Y R 2 R T B
Kidney 43 ; 2.3 - 2.9 40 [ 73
Hoart 2.2 | 31 2.7 | 40 | 1-8
Sploen 2.2 | 22 7 | os L LT
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The lamb from group 1 shows no significant increase in the fluoriue
content of any bone or organ. Lambs from group 2 show a definite inerease
i fluorine in all bones, indieating that some fluorine is transinitied to the
foetus by ewes on water containing 10 p.panF. No abunormalities were to
be seen in boneg and teeth from lambs in this group. The level of Huorine
in bones and teeth of lambs in group 2, althongh much greater than that
In group 1, wax still only about onc-half of that te he found in adult sheep
not exposed to Huorine in the drinking water. It would therefore be reason-
able to assume that the fluorine transmitted throungh foetal cireulation, where
ewes are maintained solely on water containing up to 10 p.pmF, is too
small fo have results harmiul to the lanth.

The following conclusions way be dvawn from these studies:—
(1) Ewes on water containing up to 10 p.p.m.F, and irvespective of
© the quality of pasturve or ration, do not excrete an ncreased
amonnt of fluorine in the milk.

(2) Bwes on water contalning 10 popan ¥ transmit fluorine to the
foetus, but it is believed that the amount is too small to
constitute a danger to the lamb. At higher levels of fluorine
intake this transmission to the foetus may be deleterious to the
lamb, TPield cvidenee indicates damage fo the wuborn lamb when
ewes are maintained on water containing 15 p.panTP. Fluorine
levels in exeess of 10 p.pan. are not common in the endemie areas
of this State.

These vesults have the following significance in stock management .—

{1) On water containing up to 10 p.p..} it is possible to breed with
safety to the lamb. This practice would not be recommended for
voung breeding ewoes {(up to two years), as a fluorine level of
10 p.pm. would be havmful to the ewe.

{(2) As no appreciable amount of fluorine is transmitted throngh
the milk, there is no nced to wean early. The removal of ewe
and lamb to fluorine-free water at 6 to § wecks is advisable
because at this age lambs begin to drink appreeiable quantities
of watler. After weaning, lambs should be held either on surface
water ov on bore waier contaluing less than 2 pp.m.I.

Alternative Sources of Fluorine to Sheep in Endemic Areas.

Field observations on a number of propertics have failed to show any
degree of eorrelation between the ineidence of the disease and the flnorine
eontent of the water. Various factors, such as an alternative fAnorine-free
water supply (surface water), the seasonal econditions prevailing and the
type of management practised, may be responsible for this. The effect of
evaporation on the fluorine concentration has also to be considered where stock
are watering at some distance from the borehead. The possibility that there
is some factor in the pasture which delays or mitigates the onset of symptoms
is diseussed in the section on Dietary Mitigation Studies (page 74).
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A further possibility is that there is another source of fluorine intake
apart from the water. There is no information available on the uptake of
fluorine by pasture plants or the accumulation of fluorine in soils which have
had contact with fluorided water either hy flooding or by channelling in
endemic areas of Queensland.

An examination was made of pasture growing along bore drains and
on areas flooded by breaks in such drains, of soil samples from all areas
in which pasture was coliected, and of the hore water at the points at which
such eollections were made. The itmportance of these studies lies in the fact
that, in rainless scasons, this pasture or ‘‘green pick’’ along an extensive
bore drain reticulating system supports many sheep.

Table 3 records the analysis of water, soil and pasture.

Tabkle 3.

ANALYSES OF WATER, So0iL AND PASTURE FROM AN BEXDEMIC AREA.

Waler, |I Snil, ‘ Pasbure.
Where taken, l LT :I [ LI l
SRR Lype. v | vioten, | (o,
i matker, i maktor. .
At boreleacd b | f % ! o
34 miles along the | i-5 F | i '
hore drain from i : :
borehead | F
Al terminus after ! i-49 | 150 = 85  Couch grass (Cyno- 05 T4 069
5 miles along ! i i . don dactylon) i
drain fram bUI'L‘-E : . :
head : !
After 3 miles along! 16 112 $2  Paspalum  (FPas- 03 15 —
another drain ; | palum dilatatym) : :
from same bore- | Couch grass (Cynun- 03 ¢ 73 093
head l don dactylon)
- ¢hannel frass i-0 4-9 0-62
' {Diplachne i
C mwellert) i |
At borehead 36
3 niiles along bore 37 300 9-0 | Couch grass (C'yno- -5 12.3 .22
drain from bore- don dactylon)
head
i miles along T2 31-0 8- 1 Couch grass (Cyno- 1-0 6-0 0-85
bore drain from don dactylon)
borchead
13 miles along 10-5 43.0 1040 ! Couch grass {Cyno- 1.0 54 (64
hors drain from don dactylon)
borehead
{Chaclk soil semple 13-0 81
20 yd. from
drain)
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Table 3. —rconfinued,
ANALYSIS OF WATER, SOIL aND PASTCRE FROM AN EXNDEMIC ARra—roniinned.
Water. Soil. I'! Tasture,
i ! [
Where taken. JiN (RN 5 LA 1 oppan.
F, i F.in pii. Type. | F.in Cruce Lite
iy dry | Protein. (Caf,
matter, matter, |
At borehead 13 ! % %%
8 miles along boro 33 7-0 10-2 | Channel grass 133 — —
drain from bore- {Diplachne i
heal nieclleri) H
' Red %burr {Bassie | 10 — —
! . echinopsila)
‘ ' Coneh grass (Cyno- 7-0 60, 077
don dactylon)
! Saltbush (deriples . 11-0 120 | 129
! [ sp) i i
: Pigweed (Portulace;  3-0 77T 166
i oleracea) E
14 miles along bove 35 11-0 9-4 , Couch grass (Cyno- i1-0 78 | 53
drain from bore- i don dactylon) i
heail i i :
: ; Htclicll grass | 20 35 . 044
! ; i (Astreblu sp.) I
|
At borchead &5 ‘ : ?
2 miles along bore 123 380 83 | Couch grass {Cyno- 55 143 td 67
drain from bore- I don dectylon) '
head ; ‘ i
AL terminus 4 320 350 9-4 | Couch grass (Cyno- 150 14-9 -6
miles along drain! don dactylon)
from horehead :
{Check soil samplat 130 §-5
20 yd. from
drain)
At borehead 15 )
3 miles along bore 16-5 30:0 85 | Couch grass (Cyno- 543 73 0-65
drain from bore- don dactylon)
heed
Button grass 30 10-0 072
{Dactyloctenium |
radulans)
At  terminus 6 250 23-6 84 | Channel grass -0 10-7 (-32
miles along { Diplachne muel-
drain from bore- lerd)
head
Saltbush {dtriplex | 400 04 1-22
| sp.)
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Table 3. —rontinucd,

ARALYEIS oF WATER, $0IL AND PASTURE PROM A KNDEMIC ARBs-—ronlinucd.

T Water. Ir Soit, I Pasture.
Where talien. i L, e, | | | | [INERIT i .
! Ir O LB M1t [ Ty, | T, in f -Crud_o. 1“|m:r
LA : ity Protein, | {Cag),
: . | unkiker, ! - maktter |
At borehoad 5 : ' | '
3milesalongbore | 2.7 | 220 §8 ' Couch grass (Cyno-© 1.0 i 98 | 087
drain from bore- i i don dactylon) ! :
head ! : i .
At terminus 6] 60 2000 © 86  Couch grass (Cyno- . 20 G0 60
miles along . : | © o don dactylon) : ;
drain from bm‘c-: | l i :
hewd : | !
At borehead 51 . : ) i ?
3 miles along bore | G2 i 290 I §7 . Couch gras: (Cyo- 1-0 | 67 ! 302
drain from bore- : : don elactylon) . | ;
head : i ' i I
f Mitchell grass{ 05 88 064
) | o A{dstrebla spl) I :
At terminus G0 30 356 | 92 Channel grass 3 130 31
uiles along . ) {Diplachne newcl- : ,
drain froun hore-! feri) i '
head : I '
{Checlk soil sample S0 83 : ’ ;
20 vd.  from
draiu) ‘ I
|
At horchead ' 33 ! ! :
6 miles nlang bore 48 . 22 B0 - Star greass (Chloris ! 1-0 11-3 45
drain from bore-| : N : :
head | . ' : i
‘ " Couch grass {C'yreo- 1-G : 10-2 075
I ) don dactylon) ' !
| ! Button groass 0-5 T3, 055
i ‘ { Dactyloctenium
| i i radulons) i

The following conclusions mway be drawn from this investigation .—

Water—The water analyses show the significance of evaporation with
distance down the bore drain. The importance of this factor in property
management is apparent.  Even higher fluorine levels must be expected in
terminal dams or tanks where there is a wide snrface to volmme ratio. This
Is particularly irne of the more arid areas where the effective evaporative
loss may reach 100 inches annually. One case was encountered where a water
sample, taken from a bore drain at a point several miles from the borehead,
contaimed less fluorine than water at the borchead. TFurther investigation
showed that deposits of ““kopi’’ (ealcium sulphate) were to be found along
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parts of the bore drain and that this was responsible for removal of fluorine
from the water. This has been eonfirmed in other arveas where fluorided
bore water is reticulated through “‘kopi’’ deposits, The application of this
finding in the purification of fluorided water will be discussed later.

Noils—While in most cases there is an inerease in the level of flourine
in the soil with increase in the distanee from the borchead, there is no
relationship between fluorine in the soil and fluorine in the plant™

It would appear that, iu some of the alkaline soils of western Queensland,
fluorine as sodium fluoride is converted to an insoluble fluoride and is not
readily available to the plant. No evidence of carth eating by stock was
seen ip the areas visited, but this should not be excluded as an alternative
souree of flnorine intake in other aveas or adventitious intake during drought.

Pasture—The data show that some plants growing either along bore
drains retienlating fluorided water or on land flooded by breaks from these
drains can build up a dangerous level of fluorine. Observations in western
Qucensland have shown that the water conswmption of a grown sheep does
not exceed five gallons per week, while its food consumption may exeeed 3 1b.
of dry watter daily. IHence, as a guide, it may be assumed that the animal’s
daily intake of dry matter is approximately hall the weight of water drunk.
Consequently, planls containiug 4 p.pan.ld must be viewed with suspicion, as
the fluorine they supply is comparable with that of watev containing 2 p.p.an.I
The possibility that this may need modification in view of the high lime
and/or protein content in many western Queensland pasture plants is discnssed
in the next seclion,

# The question of fluorine uptake by plants was also investigated in a Jocality close
to Brisbane. This aren is almost exelusively devoted to the production of fruik and
vegetables, and very heavy applieafion of fertilizer, in particular superphosphate, is widely
prociised.  Superphosphate confains up to 1% of fluorine and a high pereentage of enleium
suiphate.  The fivorine levels fowd in seils and in vegetables wre as follows:——

\ N

ot n Crop. | oo in oo | Figgre o
%% P-pan. i p.pa,
Cabbage planta {from seed-hed) 59-3 30 | 450
Tomatoes .. .. .- 4938 G-4 i 250
Tomatoes - .. - 438 Nil 360
Beans . N . e 92-3 04 25-0
Marrow .. o e L 97-3 il 44-0
Potatoes . . oo 85-6 Nil ! 340
Cabbage .. .. . .. . 933 04 150

There s no appeeciable uptnke of finorine by vegetables grown in soils lLeavily
fertilized with superpliosphate containiug 1% fluorine, Rither these plants do not abstract
Auorine or the fiuorine in the soil is present in a form which is not available to the plant.
Ta view of the high level of ealetmn sulphate in superplisspliate, the formation of an
insoluble caleium fluoride in the soil would be anticipated.
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Dietary Mitigation Studies.

The prevalenee of fluorosis in Queensland is such that any economically
sound measure likely to reduce its incidence merits serions consideration.

It has been reported that an insufficient supply or an imbalance of
other inorgamic constituents of the feed has been observed to influence the
toxicity of ingested fluorine, while the addition of extra ealeium phosphate to
the ration has been reported to reduce the toxieity of caleium fluoride for
sheep (Velu, 1933). Peirce (1939) stated that the toxic effect of fluorine
is seemingly enhaneed in poorly nonrished sheep.

A number of experiments with swmall animals have been recorded.
Smith and Shanmer (1944) found that, if given with caleinm carbonate or
magnesinm  oXide, a lethal dose of sodiwm fluoride can be administered
to gunmea pigs without harmful effects. Trving (1946), working on rats,
found that when the blood caleium is raised the action of fuorine on the
predentin is greatly redunced or even prevented, but when it is lowered the
effects of flworine ave enhanced. Ranganathan (1944), alse working on rats,
claimed that the laetate, glueonate, phosphate, oxide, carbonate and chloride
of caletmin all have the same potency in mitigating the toxie effect of fluorine;
the salts of magnesitoun also offer some proteetion, and those of aluminium
and barium offer none. IHe also claimed that the toxicity of fluorides of
caleinm, magnesimin and sodium cannot be eorvelated with their solubilities ;
magnesium  fiuoride, which is the least soluble, is the wost toxie. Pillai,
Rajegopalan and De (1944) found that whole milk powder very largely
protected the teeth of rats against mottling, and that whole fresh egg or
fish powder, which incinded fish bones, delayed but did not prevent the
development of mottled teeth and generalised fluorosis. Half a gram of bone
powder was also beneficial,

Greenwood ¢ ol. (1946) found that, at the same level of fluorine intake,
sodium fluoride produced dental flucrosis and a high storage of fluorine in the
bones of dogs; caleium phosphate (Ca,(PO,),) gave dental hypoplasia; and
bone mieal and defluorophos (Huorine-free ealeium acid phosphate, a variation
of bone) gave well-formed teeth and a minium of staining, while fluorine
storage in the bones was not excessive,

Majmdar and Ray (1946), using sodium fluoride as & source of fluorine,
carried out metabolism studies on hill bulls. They concluded that Hlucrosis
is rapidly produced in these animals by combining a high intake of fluorine
with a low intake of phosphorns or with a wide Ca: P ratic, but that when
the Ca: P intake is adjusted to an optimum ratio and fed in adequate guantities
the onset of fluorosis is delayed. Estimation of the net retention of finorine
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gave no indication of the condition of the animal, but the poorer the eondition
the greater the quantity of fluorine exereled in the wurine. Xenee urinary
output of fluorine is a good index of the intensity of fluorine intoxication.
These workers alse claimed that the ingestion of aluminium sulphate is
effective in preventing fluorosis.

The treatments suggested by these studies are not immediately applicable
to the control of endemic fluorosis in sheep in Queensland, firstly because
in no case was fluorine ingested in solution, and secondly beeause without
further evidenee the data cannot be held to he applicable to sheep.

An investigation of the onset of fluoresis in Merino sheep on diets
containing various combinations of caleiwm, phosphate and proteln was
designed. It was not possible to use large numbers of sheep in the experiment
or to simulate field grazing conditions, particularly the dry-season stubble-like
pasture which ageravates the onsef of dental lesions. Further, it was expeeted
that lack of exercise, different climatic conditions and the use of chaffed feed
would reduee the water comsumption normal in endemic aveas. If was
anticipated, however, that gross differences between groups would be apparent
if any treatment offered some protection against fivorosis.

A Tow-linte basal ration of oaten chaff was fed in most cases and fluorine
was supplied as the sedivw salt in solution in the drinking water at levels
of 5 and 10 p.pan., vepresenting ‘‘bad’’ and “‘very bad’’ field conditions.
Simultancously, an attempt to delay the onset of the disease was made by
adding to the oaten chaff ration (1) a caleium supplement (using powdered
Timestone, caleium sulphate or sterilized bone-meal); (2) a pretein supple-
ment (using peanut meal); or (3) a calcium-protein supplement (using peanut
meal plus powdered limestone). An additional group was fed on Iucerne
chaff only.

The caleium supplements were selected on the scores of availability,
cheapness and ease of administration. It is possible to feed them either as
a lick or, with slight variations, through the water. Ior esample, calcium
carbonate (limestone) may be fed as a lick or placed in the water as bicarbonate
or hydroxide. Caleium sulphate may be fed as such or used m the water.
Piuorine-free calcivm acid phosphate (a variation of bone), though not used
in this experiment, might be comsidered as aun alternative treatment of
fluorided water.

The buffering of protein and protein plus lime, in the form of peanui
meal and lucerne, was investigated on the assumption that lambs after
weaning, and in the period between wet seasons {and hence surface water},
might be fed for short intervals on a protein buffer without exceeding the
limits imposed by finance.
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Details of the rations arve given herennder:—

' Composition of Rution.
Girosap, ! Daily Ration per #heap, I T I T
'i Cai, i IO, Il Protein,
.I: o’ | o | a4
: i T 0 b o
1 01 1h. oaten chaff . .. L L 02 o2 57
2 | 1 lb. oaten chaff plus 453 grams powdered | ; i
limestone .. .. .| o8 0-2 57
3 1 1b. cuten chaff plus 675 grams bonemeal s | [{E3) 3-7
£ ;1 1 vaten chaff plus caleiwn =ulphate | I ;
(saturated solution} in drinking water i1y ! -2 ’ -7
3 111k oaten chaif plus 4 0z, peanut meal 2 . 4 i 14-0
6 |11k oaten chadl phis 4 oz, peanut mead plos |
423 grams powdered limesione . Lo (3R -4 i 1468
T 1k, hacerne ehaff .. .. o -8 : 035 ' -0

(A standand souree of vitaming A and 12 was forl to animals i Groups 1-4.)

Each group cousisted of 8 fowr-month-old Merino lambs, and was divided
into sub-groups of four anhmals each, sub-group A receiving water contaiming
2 ppml’ and sub-gronp B water containing 10 p.p.m.i®.  The wmineral
composition of these waters was wmade comparable with that found in
endemic areas—i.c, they contained 30 grains per gallon {430 p.pm.) of
sodium bicarbonate and 30 grains pev gallon (430 ppa) of sodium chloride.

A 44-gallon drwum, complete with tap, was set up in each pen.  In the
preparation of each 44 gallons of water, very thorough mixing was essential
to ensure a nnifor fluorine level of either 5 or 10 p.pm. This water was
analysed at vegular intervals. For pens 4\ and 4B an excess of ealeium
sulphate was added when the waters weve prepared, and at least 24 hours
were allowed for settling. The position of the tap (2-3 inches from the base
of the drmm) prevented the excess of caleium sulphate from rumning inte the
drinking trough. It was soon found that it was not possible to maintain a
level of 10 p.poF in grounp 4B. Presumably the relatively inseluble caleium
finoride was precipitated, and this precipitation appeared to he much guicker
 the case iron drum than in glass bottles in the laboratory. This feature
will be discussed later.  Sub-group 4A was adjusted to 5 popn T and
sub-group 4B varied from 7 to 5 p.p.m [P

The quantities fed were determined on the composition of the rations,
as shown,  Imeerne chafl was taken as the working standard, and the levels
of lime and protein added to the basal ration were adjusted to this standard.
To ensure palatability, the limestone and boneweal were mixed with an equal
volume of icing sugar (a finely powdered cane sugar eontaining about 5% of
wheaten flour).

Before the experiment eommenced in April 1947, the sheep were shorn,.
treated for internal parasites, and weighed. Weighing was repeated monthly.
The weight variations (or each group are shown in g, 7.
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Table 4 records the onset of symptoms of flueresis in each experimental

group as judged by monthly examinations of the permanent ineisor teeth.

Table 4,
MoxTHLY EXAMINAYWON oF INCiSOR TEETH*
Group 1.
Meonth. ’ Sub-Gronp 1A, i Sub-Grong 1B,
1047,

May  Norral temporary inecisors. E Normal temporary ineisovs.

June 'u o " v " ' " -

July | - e - :‘ ' ve .

Aug. i . e - ' . .

Sept. i Ist permanent inecisor erupted in one [ Ist permanent  incisor erupted in one

sheep. ; sheep.

Oat, Ist permanent incisor half wp in one sheep ; Incisor half up and shows surface erosion.

and shows some erosion. '

N, 1st permanent incisors crupted in all | Incisor crupted in seeond sheep.

sheep ; they have white appearsnce
and show eresion. . )

Dee. st pair of incisors well up, paper white | Inelsors erupted third sheep; all show

and evoded, i troded suvfaces and very white appear-
1948, . | ance.

Jan, | It paic in wear, erosion more prononnced. | No change,

1Feh. L No changoe, i No change.

Mag. | No change DAL Ist pair ol incisors erupted ;  show
| P considerable cvpsion. slight ehipping and
| slight staining.

Apr. : 1st pair markedly evoded and show some ! No change.

I chipping of the cutting edgoes, i

May r Chipping more pronounced. i No ehange.

June I 2nul pair of incisors crupting in one =houp. t 1=k pair show hands of chalkiness al ihe
i base,  considerable erosion and  some
i' chalky areas. (One sheep crupting 2ad

i air of incisors, banding more murked.

July st pair show tondency to banding at base. 1 No change,

Aug. 2ndd pair half up on two sheep, eroded, and | 2nd pair in two sheop, chalky, eroded and

show challcy patches. banded.

Sept. Ind pair hadly eroded, pauper white and | 2nal patr in Ulwee sheep.

i banded over whele suriace.

(Jet, I Yo change. . Banding very noticcable in all incisors.

Nov. o pait show some chipping, N change,

Dee. No change. cSeine chipping of 1st paie.

1949, !

Jan, i No change. Al teeth show marked erosion, strialivns
anel chalky areas.

Feb. AL teoth show erosion, chalky areas, and | No vhange.

i some chipping,
May. i Ko change. No change.
Apr, Fine striations on all teeth. AN teeth very white, eroded, and show

¥ Nowmendature—Temporary  incisors—the  rleciduous  ineisor  teetl,
mcisors—1Ist pniv erupting in normal sheep at 17418 mouths, Znd pair at 18-2¢ months

3rd pair at 30-36 months, 4th pair at 42-48 months,

fine traverse striations.

Permanent

?
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Month, r Sub-Group 2A. : Bui-Group 213,
1947, !
May | Normal temporary incisors. - Norreal temporary incisors,
June l . . - " " .
SJuly i " . . . ' .
Ang, ! » s » ' ' -
Sept. i ist permanent melsor erupted in one | v - -
* sheep.

Oet. : Permanent incisors erupted in  threo f Ist permanent incisors crupted in one
| sheep; ull show crosion; Ist pair, sheep.

overlap in one sheep.

Nowv. i Tngisors  paper while and  markedly | Incisors in one shesp only and show
]: eroded, orosion.

e, : No change. - Tncisors in two sheep.

1444, .

Jan.  No change. CTntizors erupted in all sheep; all show
) ! orosion.

Feh, | 1st pair erapted in ell sheep. i lst pair overlup badly in one shesp.

RIPT I Bands of chalkiness over lower portion ' Pronounced banding of all frst inetsors,
i of Lst pair, all eroded and paper white. all paper white.

Apr. ! Evopting 2nd paiv in one sheep. - Ne change.

May ] Erupting 2nd pair in twe shoop. ~ Xo change.

June | 2l pair show chalky areas. " 1st pair show deep indentations on labial

| P surface.

July Xo change. : | No changn

Aug. - 2nd pair shew striations, Ist pair starting | Erapting 2ad pair, badly delonined in one
to chip. " sheep.

HBept. No change. . Xo change.

Oct. Bands of c¢halkiness plus severe erosion | Bands of chalkiness plus severe erosion
over the whole surface of the 2nd paiv over the whole surface of the 2nd paic
and slight chipping. . and slight chippinag.

Nov, No change. i No change.

Dec.  Chipping more pronounced. ! No change.

1448, i
Jan. No change, - 3rd pair eropting in one sheep.
Feb. Pronounced erosion i all  perinanent No change.
teeth,
Mar. No change. . Pronounced erosion and marked stristions
: " in all permanent teeth; ene of the
v third pair ernpted at right angles.

Apr. E:Erosion, pitting and banding in all per- : IErosion, pitting and banding move pro-

' manent teeth. i wmounced than in Group 2A.
Cronp 3.
Muntl, I Sub-Group 3A. Sul-Gromp 315
P947,

May i Normal temporary incisors. s Normal teroporary incisors, )

June ! . 1 . " Trupting 1st pair of permanent inecisors in
i © one sheep.

July Do " . ! No change.

Ang, . " " i st pair half up in one sheep.

Sopt, ' . . ! No change.

Oet. " . . - .

Nov. Ist pair of permanent incisors lst pair evnpted in two sheep; 2nd pair

in one i
sheep. i

grupting in one sheep.
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Group 3—continued.

Month. Sub-Group 34, Sub-Growvp 38,
1947,
Dec, Ist pair erupted in two sheep, surfaces| All Ist incisors erupted and show some
eroded. erosion ; one sheep has a badly under-
shot jaw.
1848.

Jan, 1st pair orupted in all sheep, Incisors show comsidorable erosion and
bands of chalkiness at the base.

Feb. Al ineisors show erosion, some chalky | AY incisors markedly eroded, show somo

spots and bending at base of teeth, chalky spots, bands of chalkiness af.
the base and slight chipping.

Maz. No change. No change,

Apr. ' » 2nd pair in one sheep, show chalky areas
and bandmg,

May Some chipping of cutting edges. Some chipping of cutting edges.

June Erupting 2nd pair in ono sheep. Erupted 2nd paiv on three sheep, chalky
striations most marked on all Ist
incisors.

July Ne change, Ind peir in one sheep erupted at right
angles.

Aug. Pronounced chipping of st pair; croded{ 2nd peir croded and markedly banded:

and show bands of chalkiness. over whole swrfaco.

Sept, No change. ' No change.

Oct. " . " .

Nov. v ' Chipping more pronounced, chiefly im

i sheep with undershot jaws.

Dee Bands of chaliiness in all permanent | No change. '

teeth.
1949, :
Jan, Striations moro proncuneced as 2nd pair i Very pronounced striations at base in
corfio into wear, 1 Ist pair and over the wholo surface of
| 2nd pair.

Fab, Serme chipping of 2nd pair. Some chipping of 2nd pair.

Mar, No change. No change,

Apr.’ All permanent testh paper white, badly ; All permanent lecth paper white witly

eroded and striated with some chipping. chalky spots, badly croded and siriated,.
pronounced chipping and one badly
{ deforred incisor areh due to crowding
| and abnovreal position of individual
i teeth.
Group 4.
Month, Sub-Group 44. ! Bub-Group 4B.
1847,

May Normal temporary incisors, Normal temporary incisors.

June »» . . " . . _

July ” . . Erupting 1st permanent incisor in one
sheep.

Aug. v . " No changs. :

Sept. - " v Erupted lst pair in thres sheep ; badly
spleyed in one sheep; roughened
surfaces.

Oct,

Al 1st incisors erupted and show erosion
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Group d—continuved.

Meonth. Bub-Group £4, Sub-Group 4B.
1047,

Nov. Erupting Ist pair of permanent incisors | All permenent ieeth paper white and
in three sheep. show general pitting over whole surface.

Dee, All first incisors show roughened surfaces. | No change.

1848.

Jan. Ist pair paper white, show generalised | ,, 1
pitting and tendency to chalkiness and
bands,

Feb. ist pair splayed in one sheep. Beands of chalkiness at the base of 1st pair

zive a striated offeet.

Mar. No change. Ind pair erupting at right angles in one

sheep.

Apr. Slight, chipping of 1st pair, Marked indeniations and some chalky

areas on 1st incisors.

May . Chipping more pronounced. nd pair erupted in two sheep and badly

| pitted, 1st pair chipped.

June Erupting 2nd pair, at vight angles in one ! All 2nd pairs of incisors well up, challky
sheep. i and badly eroded.

Juiy 2nd pair chalky and badiy pitted. No change,

Aug. No change. . .

Sept. 1st pair show challey bands at base and | Similar to 4A but chipping of [t pair
2nd paiv show similar bands over tho more marloed.

i whols surface.

Oct. Banding more marked. Marked banding on all permanent tecth.

WNow. No change. No change.

Dec. i All testh very chalky with promounced | Rrupting 3rd pair in one sheop.

i banding. i !
1949,
Jan. Xo change. Xo change.
Feb. Pitting of 2ud pair more pronounced. Siriations on base of 1st pair and extend
i over whole surface of 2nd pair ; marked
! chipping.

Max. i Chipping of 1st and 2nd pairs. Advanced pitting in all incisors.

Apr. All ineisors paper white, croded, striated | All teeth paper white, heavily croded and
and chipped ; one deformed incisor strinted with bad chipping ; one badly
areh. deformed invisor arch.

Group 3.
Mouth. Sub-Group 4. Sub-Group HH.
1947. 1

May | Normal temporary incisors. Normal temporary incisors.

June o . . 1 . 2

July - o . . . .

Ang. i » » " . 1 .

Seph. Erupting lst permanent incisors in two . » .
sheep.

Oect. Permanent incisors in three sheep show | Erupting lst permanent incisor in one
roughened surface, sheep.

Nov, Incisors in thres sheep show erosion. st pair of incisors eruptling in two sheep.

Dac. No change. Incisors show crosion.

1948,

Jan. Al 1s incisors erupted and show evosion, | Al lst incisors erupted and showing

erosion.

Feb, Erupting 2nd pair in one sheep. No change.
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firoup —eontinued.
Mentll. Bnb-Group 54, : sSub-Group 58,

1.

Alar, ! Pitting on all incisors emphasized by slight f Pitting on all incisors and emphasised by
i staining, slight staining. -

Api. | Chipping of cutting surfaces. ?General pitting and staining and zome
i chipping.

May 2nd pair show considerable pitting and | 2nd pair show striations.
f striations ; one has crupted at right
| angles.

June . Chalky areas on all permanent tecth. ! Some deep pitting ancd chalky areas,

Juls " No change. i Very difficult eruption in one sheep ; also
: : one 2nd inciser erapted at right angles.

Aaig. " 1st pair show steiations al the base, 2nd | 1st pair show strietions at the base,
. pair show orosion and handing vver | considerable crosion and challky spats ;
- whole surface. 2rul pair show more damage.

Sepr. 1 201l pair show considerable damage. i No change.

Ot " Banding more proncinced as 2ol puir | Very marked banding of 2nd pair.
i develop.

Nowv. : No change. ! No change.

Dee, ; Slight ehipping of Znd parr. Slight chipping of 2nd pair.

1649, :

Jan. T AN teeth arc paper white, pitted and this | Teregular eruption of 2nd pair in thres
emphasiscd by some staining ;  show sheep, considerabie pitting and banding.
chalky hands.

Fah, . Erupting 3rd pair in one sheep. " BErupting 3rd pair in one sheep.

Mar, t 3rdd palr paper white, constderably cvoded ™ As for sub-group 5A.

i and banded, .
Apr. - All incisors paper white, croded, striated, Damage greeaior than i A, and bad
one deformed incisor arch, chipping. :
Group .
Alanth, ‘ Sub-Grong GA. l Sub-Group GI.
: ;
(S 5

May . Normal temporary incisors. ! Normul temporary incisors,

Jaane ! - " " I ” ” ™

July 1t permanent ineisors crpling in one i . " "
sheep. . :

RATYS kst pair arupsing in two sheep, N » 23

Jept. st pair eruptod in theee sheep, badly list permanent incisors cenpting in one

splayed i one and surfaces roughened. sheep.

e, * st pair show erosion. " 1st pair erupting in two sheep.

Nav, BE pair show considerable crosion, " ist pair erupted in three sheep and show

' © erosion.

Dee, - Al 15t permanent incisors crupted, show @ All Ist permanent ineisors erupted and
prtting and slight staining, © show pitting cmphasised by staining.,

1oty _

Jan. ' No change. i Dilficult eruption in one sheep.

Feb, 15t pair show slight chipping. some | Lst paiv show general pittivg and staining.
chalky spols, erosion and slight staining, i

Mar. 2ud pair erupting in one sheep, 2nd pair ¢rapting in one sheep, still o very

: difficult eruption of lIst pair in one
sheep.

A  Chalky spots on lst pair and banding | Some chalky areas and banding at base

noticenble at haso of leeth.

of teeth.
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Growp fi—eontinved.

Enb-Group 6A.

IMoath, Sub-Group 6B.
1947, :
May i Chipping of cutting surfaces move pro- No change.
. nounced. ;
June ; Znd pair erupted in two sheep, pitted and | 2nd paic ervpted in twe sheep ; chaltky
1 stained. and heavily pitted.
July i Banding noticeable at base of 1st pair. | Ist pair banded st the base, 2nd pair show
: i striations over whole surface,
Aug, Bad chipping of 1st pair. . No change.
Sept. Ind paiv almost in wear, erocled, banded | 2ud pair badly pitted and stained.
anl stained.
Oct. " No change. ' No change.
Nov. o - st patr badly chipped.
Dac. 3rd pair crupting in one sheep. 3rd palr crupting in one sheep.
1049, _
Jai, AMarked striations on all ineisors, Marked striations on all incisors,
Feb, 3rd pair erupling in two sheep 1 2nil pair No change.
¢ show chalky arcas and bad chipping.
Alar. { Striations on pm‘ﬁmncnt incisors, Frosion and stpiations intensified from
: 1=t to 2nd to 3vd pairs,
Apr. “All incisors paper white, show some . All inetsors  heavily  eroded,  striated,
: chalky arcas, marked erosion cmphasized stainedd  and  chipped ;  one badly
i by shght staining and bad chipping. o deformied incisor arch.
roup 7.
Month. sub-trroup TAL Subs-Gzronp 715
1947 i
May f Norimal temporavy incisors. [ Normal temporary incisors,
Junie . . , 1 " .
July . . s » “ -
Ay " - \ o . "
Sept. .o - “ - . -
et . 1. v . st permanent incisors erupling it one
sheep,
Now. C st permancni ipcksors orupting in one st pair erupting in iwo sheep.
Y sheep. :
Do, ¢ 1st pair erupting in two sheep. Jat patr show roughened surfaces aidd
buadly splayed in one sheep.
1948,
Jain. i 1st pair erupled in three sheep, and show © 1at pair erupfed in three sheep: pitted
. roughened surfaces. © und stained.
Fel. ¢ All ist incisors erupted, pitted and stained, ” All ist ineisovs crupted, badly pitted and
i but stardier than in other groups. . stained ; teeth are sturdier than in aihoer
; ' © groups.
Mar. No change. - No change.
Apr, Sowe chipping of Ust pair. . Ind pair erupting in one sheep ; Ist pair
" show vhalky aress, heuvy erosion and
: slight chipping.
May I No ehange., . No change.
June 1st pair heavily pitted and siained. . st pair heavily pitted and staived.
Judy Chipping of 1st pair more proncuncerd. ! 15t pair badly ehipped.
ist pair badly chipped. | No change.

Aug,
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Group T—rontinued.

Monkl. | BuleGroup 7A. ! Sub-Gronp 7H.

Sept. : 2ad pair erupted in two sheep ; increased | 2nd pair erupted in two sheep ; increased
i chipping of Ist pair, " chipping of st pair,

Oel. ' No change. ; No change.

Nov. . 2ad peir chalky, pitted and stained. ! Al 2ad incisors erupted, hadly croded and
I ,  stained.

Dee. . Some chipping of 2nd pair. * &rd pair erupting in one sheep.

1949, | :

Jan, | Btriations, particularly on 2nd pair, " Marlked strietions on 2nd pair,

Fegh, : 3rd paiv erupting in one sheep. { No change.

Mar. | Damagn intensified from 15t to ?nd to 3rd " Damage intensified from 1st to 2nd to Srd
' pairs of incisors. © pairs of incisors ; very bad chipping.

Apr. : ANl ineisors eroded, beavily stained and @ Similar to TA but damage more pro-

bhadly chipped ; one deformed incisor :  nounced.

arch.

After 12 months’ continuous exposure to water containing finorine, two
animals were selected at random from each group and the first perinanent
meisors were photographed. The first permanent ineisors of a normal sheep
of the sane age were also photographed for comparison. The abnormalities
noted in the first pair of permanent incisors ave referred to in the legends to
Fig, 8-22,

g, 8.
Control.—The first pair of permanent ineisors on a norul sheop.
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Fig, 9.
Group 1A.—Erosion and seme clipping of the cutfing edges; the tceth badly overlap.

Fig. 10.
Group 1B.—Considerable crosion and two deep indentations on the left imcisor
{sce arrowy
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Fig. 11

Group 2A,—Erosion.

Fig. 12.

Group 2B.—Considerabie crosion and some chipping of the entting edges.




CHRONIC ENDEMIC FLUOROSBIS OF SHEER.

Fig. 13,
Group 3A.—Coneiderable ervosion and a deep indentation on left incisor (sce arrow).

Fig. 14,
Group 3B —Considerable evesion and transverse striations over lower two-thirds of
the surface.
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Fig. 15.
Group 4A.—{Considerable erosion.

Fig. 16.

Group 4B.—Considerable erosion and somg decp indentations (sce arrows).
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Fig. 17.
Group 5A.—Erosion.

Tig. 18
Group 5B.—Cousiderable erosion and a deep indentation on right inciser
{see arrow).
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Tig, 19.

Group 6A.—Cousidernble ervosion and some indentution (see arrows).

Fig, 20.
Group 68.—Very marked erosion.
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Fig. 21,
Group TA.—Evosion.

Fig, 22,

Group 7B.—Very marked erosion; much of the erown of the incisor iz stii}
embraced by the gum.

91
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The cxperiment was carried on for two years. There were losses among
the experimental animals, some from w cakness, some from aceidents, and
one 1n group 1B apparently from hypocalcaemia.

At the conclusion of the experiment two animals from each group were
slaughtered. At the same time two normal sheep of comparable age, but
which had not been cxposed to water containing fluorine, were selected as
controls and the liver, kidney, pancreas, thyroid, heart (ventriele),
gastroenemius musecle, and duodenum prepared for analysis. These represent
the edible portions of the animal and include the three kinds of muscular
tissne~striated, smooth and cardiac.

Table 5 records the mean fluorine content of organs and tissues from
animals in cach of the groups.

Table 5.
FLrorINg CONTENT OF ORGANS AND TISSUE.

(ppm.F en dry matter.)

I Group.
Pissue ¢r Orgaa. = ] 1
oo laas | s |24 [ 2B faan | s baa | um Dsa | om ) oa | om. | 7 | 75.
Liver .. .1 ag| 28 29 39 15 19| 10 15).84 18] 10| 19 10 1ol 20
Kidaey .. .. ] L2148 226 88146/ 10-4 228 92 16-8] 10-4) 142 26-2 434 6.2 54
Pancreas .. ol 28 10| 32| 28 30 17 1-3| 30| 20 14| 1-6] 28 50 l»(}i LATH
Thyrold .. .. 30| 48/13-00 7-¢ 731 8ol 0| 30 80 72 30106100 7‘5; 10-0
Heart .. 24 30 24| 244 200 10 1-¢] 60 28 1-0f 15 11 20 13
Clastrocnemius i ' ' |
musely .. . 2.0f 120 33| 20 1-00 10 1.6 30 20/ 10 20 30 1% 2»4! 2.0
Dusdenum o B4 20| 25 24 200 48 22 3.3 60 2‘4! 3.5 390 2.2 1'3,‘ 443

The following conelusions may be drawn from the analytical data in
Table 5:—
{1} There is some aceumulation of fluorine in  the kidney and
thyroid.

{(2) The edible portions of organs or tissues from sheep which have
had aceess for twe years to fluorine in the drinking water (up
to 10 p.purF) do not contain sufficient fluorine to be a danger
to man,

Table § records the fluorine level in boues and teeth from animals in
each of the groups.
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Table 6.
Prcoriye CoxresT oF Doxes axp Teerr,
{pprin ™ et moisture-Fat free basiz )
ferimn)n
Foaomwe o Lownh, : - _._ . o i .._-_
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The combination histogiam and scatter dingram (Fig, 23) emphasises

the varintion in Haorine

seeitnulal o

in the groups.

Table T records the wwean weivht of ¢leaned air-dried bones fron the

experitental animals,

Table 7.

Aleayw Wewnr

Loy, Alamlilde,
Cuntrol : 5]
14 i 54
1B : A
24 5t
2B 0 :
34 34 .
3R .. 47 :
14 . 35
4B .. 10
aA . Ay
3 : BTY
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6R a4
TA e 2
B .5

1x Grays.

e I Metabursns.,
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41 | 300 18
3 1 87 17
5 800 0 20
43 a 17
16 43 22
44 38 ? i3
35 3 18
54 ET I 1%
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4T 42 1%
G | 35 25
s o4 1 20
A0 43 0 20
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GROUP
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Tig. 23.

Diagram Showing Fluorine Accumulation in Kidney, Dones and Teeth uf Sheep in
each Experbnental Group., I, kidney; ¥, femur; T, tibin; M. metatarsus; J. lower jaws
M, Ist imeisor; 20, 2nd dneisor; 37T, Srd ineisor: 4[, 4th incisor; 3p, 3rd premtolar; 2m,.
second melar; 8m, 3ed molar,
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Soute broad conelusions ean be formed by exmmination of the analvtical
data in Tables G and 7.

{17 AL groups show a considerable fluorine concentration in bomnes
and teeth as compaired with that fonond o the novmal control
sheep,

(2} In geueral, the fluorine content is greater for sub-groups B, where
animals received  water containing 10 ppa ¥, than for sub-
groups A, where animals received water containing 5 p.p.an It
The eoncentration of fluorine in bones and teeth, however, is not
proportional 1o finorine intake.

£3) In the bones exawined, the flnorine storage is sreatest in the
mandible, then in the founr, tibia and wetatarsus, in that order.

4% I the permancot ineisor teeth, the fluorine storage in geueral
inereases from first pair to second pair to thivd pair.

{31 TPor the premolars and molars, the fluorine content varies with
time of eruption, being lowest in the second wolar and comparable
in the third premolar and third molar.

:6) The finovine voncentration iy mueh greater in dentine than in
enamel,

The greatest concentration of filuorine is in bones and teeth of
animals from group IB—the group on the basal ration and water
containing 10 p.pmw. .

-1
e

The lowest concentration of flusrine is found in the bones and
teeth of animals from group T—the lueerne group. This cannot be
accounted for by the slight weight increase in bone noted in this
eroup. 1t I8 in agreement, however, with metabolism studies on
the accnmulation and exeretion of fluorime {see below), where it
was Founed that the exeretion was wiueh bigher in this group.

[l

Plhotoprapls of the incisor teetl, taken at the end of the expernment
Trom a single amimal in cach gioup, have been seleeted for illustration. It will
be observed that staining ol the inecisors is noticeable only in group 7——the
Tacerne group.  Comparison with  “field”” photographs shows  that, under
erazing conditions, staining defines the dental Jesions of filuorosis worve cleavly.
The ahnormalities noted i the ingisor teeth are mentioned oppestte Fies, 2435

At the conclusion of the experiment, X-ray photographs of the femur,
tibia and mandible of one aniwal from each group were taken. The mandibles
were given 1 osecond exposuee at 20 Kw, and the femwr and tibia 2 sceonds at
A0 K. Nodinex™ was used.
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Fig. 24,
Control—Incisor tectl feom a normal sheep of approximately the some age s the
experiiental aniinals,

Fig. 25.

Group 1A.—First pair show erosion and hevizoutal bands of pitting over the Jower
third: second pair show considerabde erosion over the whole surface and bands of pitting;
a1l teetls nre paper white and dull, the fivst pair are clongated owd badly splayed and
there is sowme erowding of the sccond palr,

Fig. 26.

Group 1B —Tirst pair show crosion over most of the sueface and some horizental
bands of pilling; second pair wre chaiky aml very heavily pitted;  wll teetls ave paper
white and dull, tiwe first pair e clongated and badby splayed and the sccond paiv are at
right angles to 1he normal plane.
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. -
Fig. 27.

Group 2A.—Bath the flst jwd seeond pair ave paper white and show some erosion;
the fivst pair aree elongated;” the secoud pair ave erowded and show voughening of fhe
cutting elges.

Tig. 28,

Gronp 20, —irst pair show erosion over the lower two-thieds and bands of pittiug
it the base; the gsecond pair ave eballky, very heuvily pitted and there is seme reughening
of the ewtting odges.

Fig. 20,

Group 3A.—-Bailh first sl second poir ave paper white aml show cresion, more
pronouieed i the secoud paiv; the fiest pair show ¢hipped cutting edges and some chalky
areas; e second pair are badly erowded,

Fig. 30.

Group 3Be—A Ladly deformed incisor arch; the Lreaking of the right first and seeond
aneisor peewrred after death, but indieates the extreme brittleness of the feeth; the first
padr are eroded with deep bands of pitting tewards the buse, the cutting edges ave badly
chipped and there are both vertieal and lhovizontal fractures; the sceoid pair are woere
bBeavily croded anmd show horizontal stuiations of clalkiness.
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Tig. 29,
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Fig, 28.
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Fig. 31.

Group 4A.—The first pair are vroded, show some deep indentations aml fhere ave
Tatels of pitting townreds the base; the seeond  pair ave very beavily ceroded o show
Imds of pitting; all incisors are paper wihite and very cliallis,

Fig. 32

Croup AB—A badly defermed inelsor aveh: the fivst pale arve splayved, one of tue
sevgd parr has erupted ab right sangles and the fhird paiv oarve Taally spladed ;. all dncisors
are paper white and ebaliky o the first paiv are evoded, there arve some deep hudentations,
ilere are bawds of pitting ot the base and the eatting edges arve slightly clipped s the
seeond pair are warkedly croded ad pitted b bandds; o othe thivd paie e particalarly
chalky, very heavily eroded ol cdeeply prited dn hands

Fig. 3%
Group 5A,—The dirst paiv show some erosion g o tendency Lo bancding at the base;
the second paiv sre dubler and were eroded; the thied pair o aee sl ot vight angles
te the noremal pluwe, are ehally and show  pronounced erosion.

Fig. 54
vroup S —The first paic show  coustderable crosion, Aiere e bawds of  pitting
{ome Lund heing particularly promounced), aad there s slight chipping of the cutting
vilge s the seeond pair are mavkedly ervoded witl several pronownesd hals of pitting towards
the Lasc: all inelsors are paper white and extremely chalky.
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g, 35,
Gronp 4. —The first pair show crosion wnd o tendeuey to bands of pitting tewurds
the base, there Is some elupping of the contact surfaces and vertival erueks extending from
tlie cutting edges; the secoud pair are more leavily croded.

Fig. 30,

Group GB.—The fiest pair show smuoked eresion with  defiuite bands of  pitting
towards the Iase; the seeond pair show extremely leavy crosion with senwe very deep
horizantal Lands of pitting; therc is o prouwounced exostosis (see arvow) on the base of
tite of the seeomd ineisors; all jueilvors are very chulky and there is some staining.

TFig. 37.

Group TA—The first puir show cresion with two defined horizontal bunds of pitting;
the second pair show very marked erosion and horizontal bamds of deep pitting; the third
pair, though not elearty defined in the photograpl, closely resemble the second pair; all
intisors ave very chalky nnd there g svme staining.

g, 38,

Goroup TBo—In this sheep wmuch of the crown ol the incisors is still cmbraced by
he g all dieisurs are heavily stained aboeve gum level, paper white and lacking in
fustre below gum level; all are heavily eroded and this b emphasised by staining and
thiere i3 considerabile chipping of the eutting edges.




CHRONIC

Fig, 37,

EXDEMIC FLUGROSBIS OF SIHEER

103




1nd JoALD HARVIEY,

These X-ray photegraphs are presented to indicate the bone changes
noted in the experimental animals at the conclusion of two vears’ exposare to
water containing fluorine.  The “normal™ aniual, although approximately the
same age, had been kept under grazing conditions and the possible effects of
exercise on bone development cannot be excluded.  These photographs are
nol mtended to illustrate the mode of action on bone structure of fluorine at
low vconeentration in the drinking water ingested by the rminant.  Some of
the abuorwalities, particularly in those groups on a low plane of nutrition,
are perhaps not eatively due to fluorine.  Tlowever, these conditions of exposore
to fuorine do occur in Queensland, at least in senwe seasons, and bone and
dental abnorvwalities are enhanced. )

The lollowing comments ave wade on the photographs. which appeav as
Figs, 39-68.

Fig, 34,

Control—Femmr awd tibin of o norimad sheep of approximately (e sione age s
the expermental jmimals, This animal, walike those in the experimental growng, was not
wennerly it bl aeeess to grazing plas luecrne chadll
] - g |

Iig. 40,

outeel—Hide view of o nonmal sorelibie,

ITIEIN
Group 1A —Femur and fibig are smalier than the wormad, the compaet substanee s
muel thinoer, amd the ossifivation of the epiphyseal cartilages is oot as advaneed as in

Tz, A

g, 42,

Group 1A —The wondible is shortened; the angle of the nawdilile connuences at the
anferior pwl of the reot of the third molar; i crowding of the moelars has resulted and
this nust af least partly asceount for the lrregular cuiting surfaces of the wmelwr and
premolar teeth compaved with the normal; there is very little compact bone wider the
roots of the secomid and third molars; the reols of the seeond amd third melars lave
produced irregularitics on the ventral horder of the mandible, which prior fo Xoays were
thoupht to be exostoses,

Fig. 43.

Group 113 —The femur and tibin show similar effects to those i Fig, 415 the conpaet
substunee 1s again very thin and the epiphyseal cartilagesure prominent.

Fig. 4+,

Group 1B.—Very similar to Fig. 42; the horizoutal mwnus iz shorb; there appears
to bLe inswificient voom for the complete eruption of the third molar; the first wolar has
overlapped  the thivd perinanent premelar; the compaet substanee is thin and the roots
of the third melar have produeed n well-defined irvegularity ow the ventrnl border of the
mnwdibde,

Fig. 44,

Ceroup ZA—Tle femur and tibia elosely resemble those shown in Fig. 41,
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. Pig. 46.

Group 2A—Very similur to Fig. 42; soustderable shortening of  the Liorizontal
ramus; theve appears to be insafficient room for the eruption of the third melur; roots of
the seeodl and third molars bave preduecl o proncunced irregularity on the ventral border.
i Mg, 47,

Group 2—The femur and filia ave o litthe hetter caleified than the specimens from
Gronp 2A, although the compact substanee is still in compared with the nornl picture
in Fig, 3.

g, 48,

Group 2N.—Some shortening of the mandible but wot as great as in Figs. H aud 46,
the reduction in compaet bone is unot as great as in Groups 1A and 11 there are no
jrrogularities on the ventral border of the mandibic.

Fig. 49,
Group JA.—The femur mud tili reseuble the speecunen from Croup 1A ; the bowes arc
simadler, the compact substance is ano thinner but the medullary cavity is muel redueid,

Fig. a0,

Group 3A-—This ix comparable with the speelmen from Group 15: there has been
very consideralle shortening of the horizontal ramus and the angle of the mandibde starts
at the sveond molar; the compaet substanee is very thin and the rools of both the
socoid and third molars have produced irregularitios on the ventral horder of the mandible,

g, 31,
Croup 3B —The femuwr and tibia are better caleified than speeimens from Group SA,
but again the compaet substanee is thinmer than in the normal specimen in Pig. 24,

Fig. 52,
Group 303 —Some shortening of (he horizental ramus and there is oosmall irregnlarity on
l Eal k2l ~

the ventral horder of the nudible under the reots of the seeend molar,

Fig. 33

Group +A.—The Lemur and libia show almormalities simito to fhose in Fig. 41.

Fig. 5t
CGroup 1A —The mandible shows cousiderable shovtening, the angle of the nualible
starting from the auterior end of the roots of the third welar: there would appear to e
ne voom tor vomplete eruption of the thinl molar; the compact substanee is thin and all
three rtoots of the third wolar Lave produced jrregularifies on the ventral hovder of the
mrulibie.
Tig, A5,

Group 4G, —The femur and tibia are comprratde with the specimens from Group L

Fig. H6.
Coroup 4B.—"The mandible shows congiflerable shortening aud resultant crowding of the
molare: the roots of the third molir have produced small iregubilics o the ventrad

horder af fhe mandible.
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-

Fig. 57.

Group 3A.—The femur and libia are o little betler ealeificd; the eompaet substanee
is more dense than in previous experimental groups but is still not comparable with ihe
nermal  pieture,

I'igr. 58,

Group JA.—There jis some shortening of the mandibie and the rooks af Lot the
second and  thivd molars linve produced irregulavites on the ventral horder of the
wmandible.

Fig. 39.

Group 8B —The femur and tibja ave comparble with tlose in Gronp aA.

Fig, 6.
iroup SB.—Shortening of the mandible and the roots of the third molar exteml lnto
the thin slhell of compact boue on the ventral border of the mandible.

Fig. 61.

Group 60, —The femur and tibia are similar to those in Groups 3A and 47,

Pig. 62,
Group SA.—Considerable shortening of the mundible angd crowding of the molars;
the roots of tiie third premelar and all three molars extend into the compact substance on
the ventral horder of the mandible and have produced n number of smnll irregularities.

Tig, 63.
Group 6B.—The femur and tibia arc better ealeificd and comparable with the
notmal picture in Tig. 39; there is an indiention of a prebable exostosis on the postorior
surfaee of the distal third of the shaft of the femur.

Fig, 61
Group 6B, —Bome shortening but is more nenrly  esimparable  with the  yomul
picture; however, waulilke the normal, the roots of the seeond and third molar extend well
intoe the compact substinee. -
Fig. 43,
Group TA.—The femur and tibin are comparable with Group 6B and a]pprooch e
nermed picture n Fig. 39,

Fig. G4,

Group 7A.—This is very similar to Fig. G4

Fig, 67.

Greup 7B.—Thix plate closely resombles Fig, 63

Tig. 68.
Group 7B, —Tlisz appreaches more eloscely to the normal Meture but there iy still
somle shortening of the mandible and the reols of huth sccond and third molars extend well
into the eompact substauce.
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Fip, 40,
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Fig. 42.
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Tig, 43.

Fig, 44,
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Fig. 46,
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PFig, 44,

Fig. 50.
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Fig. 51

g, 520
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Fig. 38.
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Fig. 64.
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Tig. 06,
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Fig., 7.

Fig. 68.
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Wool,

Figs, 632 have been inelnded to illustrate the condition of the wool
grown by the experimental animals, The specimens weve taken from the right
shoulder at the conclusion of the investigation and vepresent about cight
months” wool growth. A wool smnple from one sheep in cach group is shown.

The wool classer’s description of the fleeee from  sheep in ecach
experimental group was as follows -

Group 1A —Wool fine to medium, dull, short, poor characier.

Group 1B—Woeol fine to medium, faivly dull, short, poor eharacter.

Group 2A.—Wool medinm, dull to fairly bright, fair length, poor
character.

Group 2B —Weol medium, fairly bright, fair length, poor charactor.

Group 3A.—Wool medium to strong, fairly bright, short to fair
length, poor character.

Giroup 3B.—Wool wmedium to strong, fairly bright, fair length, poor
to talr character, '

Group 4A.—Wool fine to medivau. dull, short, poor character.

Group 4B.—Wool fine to wedium, dull, short, poor character.

Group 5A.—Wool medivm, fairly bright, short to fair length, poor
to fair character.

troup 5B.—Woeol medinm, fairly bright, fair length, poor to fair
chavacter,

Group 6.0 —Wool medium, faivly bright, fair length, fair character.

Group 6B.—Wool fine to mediuny, fairly bright to bright, fair length,
fair to good chavacter.

Group 7A.—Wool mediuw to strong, bright, fair to ;__!'ou(i length, fair
vharacter.

Group VB--Wool wedium, Fuivly bright to bright, fair to good length,

fair chavacter.

It was conchuded that weither the gquality nor the viedd of wool was
affected by fluorine intake thoueh it was natarally obvious that the befter
wool came frome the high level protein-fed beasts. Teeth damdge did not
prevent these experimental animals from haudling the chatfed {eed.

These experimental findings support field expericiee, which suggests
that the teeth lesions plus the aceompanying pain prevent the sheep [rom
collecting and rasticating the feed, Thus the nutritional level is reduced
and in its tuwrn the yield of wool. TFurther field evidence lies in the fact
that actual wool defects were not recorded in sheep In Queensland prior {o
1941, when White, Moule, and Seddon first looked For and fouud the denfal
lesions of flusresis,
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Fig. 70. Fig. 71.
Group 1B. Group 2.\,

TPig. 69.
Group LA

Fig. 73. Fig. 74.
Groap 3A. Group 3B.

Fig. 72.

Group 2B,

Fig. 75. Fig. 76. Fig, 77.
Gronp 4A. Group 4B. Group 3A.
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Fig. 78. Tig. 79
Group 3B, Group GA.

Fig. 80, Fig. BIL
(zroup Gl Group 7.

Fig. 82,
Group 7B.
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Fig. 83.
Upper and Lower Jaws of a Normal Animal.

Fig. 84.

Abrasion of the Molars and Premolars of Sheep Using Water Containiug 5-7 popm.
Fluerine aud Depastured on Hard Mitehell Grass Country. Note the compensating
wear on the upper and lower molarg and premolars.
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Natural Cases—Figs. 83-86, from naturval eases, show the damage done
to ineisor, premolar and molar teeth in sheep depastured ou dry roughage
and exposed to fluorided water. These illustrations were previously published
by Moule (1945).

Fig. 85,
Uneven Wear on Molars and Premolars Under the Same Conditious of Exposure to
Water Containing Fluorine.

It will be noted that in these field specimens the damage from fluorosis
1s emphasised by the accompanying staining. This is no doubt due to the
presence of degradation products of chlorophyll from the pasture., Such
products would be absent in the basal ration of oaten chaff fed to experimental
sheep In the dietary mitigation studies.

Fig. 86.

Three Examples of the Effeet of Fluorine Intake Through the Drinking Water on
the Incisor Teeth of Sheecp in Endemic Arvens. Left, teeth from an animal following
irregulay intake of unsuitable water during its first year of life. Centre, teeth from a
6-tooth shecp on unsuitable water from an earvly age. Right, teeth from o sheep subjected
fo intermittent intake of unsuitable water during its growing peviod.
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Agcumulation of Fluorine in Keratinous Tissue.
No mnlormation on this aspect of the subject is available in the lterature,

It was considered that it might be an index of the degree of exposure
to fluorine of sheep in endemic aveas.  Sauples of wool were taken from
the vight shoulder of selected sheep in each of the experimental groups, and
hoof shavings were also ecollected. All specimens werve thoroughly washed
and dried before analysis. Table 3 vevovds the fluarine content.

Tahle 8,
Fruorixe Coxerxer or Woor axp Hoor.

{(p.eoe " oo moisture-free busis.)

| Gzromg.
samgde.,

lA,'| i 2A. I 2. | 3A. ‘ 3B, 4AL | 15, E FAL EILE ! BAL ‘ G, :I TA. | iB.
- '__q_m H B H f i 1 ; H i
Wool 8 124 40 I_m-s b sl 16l o2t 68 1116 | 561 56 P
Hoof 32 1376 | 60 1250 | 480 [160 280 ] 20-8 | 56 im-s L RETE

There appears to be no correlation between the intake of fluovine and
its accumulation in keratipons tissue.

Excretion of Fluorine.

After 12 months’ exposure to water containnig 10 p.p.m I, the refation-
ship between fluorine exeretion in the urine or in the facces and the
conventration of caleinm, phosphate and/or protein in the diet was examined,

The procedure adopted was that ouilined elsewhere by the author
{Harveyr, 1942}, Oue wether from each gronp was placed m a wetabolism
cage,  The feed intake was acenvately weighed, the water conswmplion
measured and the chauge in fluorine concentration corvected for the loss of
water due to evaporation. The complete daily output of wrine was collected by
means of a tightly fitting rubber belt leading by a rubber tube to a collecting
vessel,  The [aeres wore eolleeted by means of a canvas bag strapped to the
animal.  The food, water, urine and facces were analvsed for fluorine. Al
eollections were made after an acelimatisation perind of seven daxs.  The

d
histograms (Fig, 37} record the analytical data.

The fluorine intake varied widely for the different groups due to the
variation i water conswmption of individual animals.  The daily water
consumption, and henee fluovine intake, was muech less than was desired,
no doubt due to the apimals being confined in boxes for fhe seven days prior
to and the three davs of colleetion, and the fact that the metabolism studies
were condueted in wioter.

This experinent showed that there was no eorrelation between caleium,
phosphate or protein intake and fluorine exerction. Fluorine exeretion was
areatest in the lucerne group—group 7. This is in agreement with analyses




128

J. M. HARVEY,

Daily Flugring Intake in Milligrams.

N\
AT

= ——— ——
SeloixeToe]
Yz 12 3 4 3 & 7
GROUP
Percentage Fluorine Percentage Fluorine
Percentage Fluorine Excreted. Excreted in Urine. Excreted in Faeces,
Tig. 87.

Floorine Iutake and Exerction for One Experimental Sheop from each Group on
Water Coutaining 10 p.paF,




CHROXNIC ENDEMIC FLUOROSIS OF SHEEP. 129

of bones and teeth from affected animals at the conclusion of the dietary
mitigation studies, when it was found that fluorine storage was less in this
group.

Conclusions from Dietary Mitigation Studies,

(1) On water containing cither 5 p.pm.F or 10 p.pm.T, all animals in
all experimental groups showed definite symptoms of fluorosis,

(2) Wear of the incisors was rmeh less severe and abrasion of the
molars was considerably less than in sheep in endemie areas.

The following explanations are offered to account for these differences:—
g exp

{¢) Animals in the experimental groups were all on chaffed feed and
had neither to bite nor to masticate the harsh fodder which is
normally the natural source of feed for a considerable portion
of the year in endemic areas.

(b) Beeause of lack of exercise, type of fodder and climatic
differenees, the water eonsumption (10 to 14 litres for cach sheep
weekly) was less than that of sheep in endemic areas.

(3) No significant benefleial effects were obtained from any of the
ameliorative treatments used. The condition of the animal was better in
those groups on a high protein ration, but all groups showed the definite
lesions of fluorosis, It must therefore be concluded that—

(¢) A treatment such as feeding a high protein, high lime or high
phosphate ratien, found to be beneficial in combating fluorosis
in small laboratory animals, is not applieable to ruminants.

(b} Treatments recorded in the literature as beneficial to ruminants
where fluorine has been fed in the ration are not applicable where
the fluorine is administered in the drinking water.

{4) Fluorine administered in the drinking water has no deleterious
effects on wool per se¢, though badly affected animals are unable to gather or
masticate pasture and this is reflected in both the guantity and the quality of
the wool produced.

{5) On water containing up to 10 p.pal (this would correspond to
very bad field eonditions), the storage or aceummulation of flnorine in the
edible portions of the sheep, after two years’ exposure to such water, is not
high and wounid not constitute a danger to humans.

(6) Teeth—Apart from the usual lesions associated with fluorosis,
there are indieations that fluerine in the drinking water delays the eruption
of the incisors and produces badly deformed mouths. The elongation of the
incisors and some abnormalities may be partly due to the type of feeding and
mineral imbalanee. There were, however, cases of delayed eruption and
deformed mouths I groups 6 and 7, where the animals were on a balanced
diet.
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(1) Bones—The findings shown in the Xorays are not in keeping with
those reported by other workers, Al experimental groups showed rvarvifieation
rather than thickening of the bones. Thix is particularly noticeable in the
mandible, where the irregularities on the ventral border, formerly thonght to
be esostoses, have been shown to be due to a rednction in thickness of compaet
substance and the roots of the molars (and in some cases the premolars) have
exteitdded well luto e shell,  Shortening of the hovizental ramus of the
mandible is apparent in all groups. These features can be acconnted for only
partly by the type of feeding, by wmineral imbalanee, or by caleinm and/or
phosphate deficiency. In any ease mineral imbalance and phosphorus deficiency
are not uncomnnon in most of the endemic areas of Queensland,

ELIMINATION OF FLUORINE FROM ARTESIAN WATER.

Yan der Mevrwe (1940} discussed methods of elimination of finerine
from water. Suell treatments, however, ave not eeonomically possible on
affected artesian water for stock in Queensland.

The use of a commercial deionising resin was examined. Water con-
tainmg 10 p.p.anl® was ran through a tower containing a mixture of aeid and
base exchange vesins. The Hourine level fell to 0.5 p.panIf. This proeess is
effective and may be of use on a small seale for human eonswmption (e.g., in
schools situated in endemic areas and where no alternative rource of fluorine-
free water is available). The cost of the resins, even without equipment for
their use and regeucration, must make any such system of treatment
impracticable for stoek-watering purposes.

An attempt was made to use small quantities of e and/or super-
phosphate as a fluerine precipitant. It was thought that, if these treatments
proved benefical, it would be practicable to dust terminal dams or tanks with
one or both of these precipitants. It was decided that on the seore of cost the
upper limit must not exeeed 200 1b. of precipitant to one million galions of
water.

The following treatinents were examined using this coneeutration :—

{1) Water containing 10 p.ponF plug ealeimm oxide at 20%€

(2} Water eoutaining 10 ppnn® plus enleivm oxide ar 40°C.

{4) Water containing 18 ppmF plus enleiom oxide after Doiling aud cooling.

{4) Water eontaining 10 p.po® plos superphospbate at 20°¢

(7) Water containing 10 p.pand® plus superphosphate at 40°C.

(68} Waier containing 10 ppaF plus superphosphate after lieiling and couliny.

(7) Water containing 10 ppan® plus caleium oxide plus superphosphiate ot
205

(8) Water contabuing 10 pp® plus ealeivm oxide plus superphosphate at
407

(%) Water containing 10 ppmF plus enleium oxide plus superphosphate affer
hoiling and cooling.

The water was analysed immediately after treatment and at intervals
of one, three and seven days. No reduction in fluovine level was achieved by
any of these treatments.
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It was mentioned previously that it was not possible to maintain water
at 10 p.pan® in the 44d-gallon drums to which calelum sulphate had been
added. The presenee of caleimm sulphate was therefore put forward as an
explanation of the veduction in fluorine level in waters reticulated by
extensive bore drains through “‘kopi”’ ecountry. Large deposits of calelum
sulphate oceur naturally in many parts of western Queensland. 1t could be
added to drinking water either in troughs or terminal dams, and so offer a
possibility of at least redncing a high level of fluorine. - It was decided to
investigate this possibility on a laboratery scale. Fig. 88 illustrates the
findings.

It was found that in the laboratory the process Is very slow. There
appears to be some factor in the “‘synthetic”” bore water prepared in the
44-gallon drum which accelerates this precipitation. For this reason sodiwm
chlovide, sodium bicarbonate and iron oxide were added and the temperature
varied. There was still no appreciable inerease in the rate of fluorine precipi-
tation. This slow rate of fluorine precipitation with caleimn sulphate must
chminate the use of this wmethed as a practical control measure m endemie
areas. '

It seems that there is no practical method of economically eliminating or
even reducing the fluorine content of artesian water for stock in endemic arcas
of Queensland. The methods of reducing evaporation suggested in the next
section might be effective in reducing the eoncentration of fluorine in the
water,

MANAGEMENT OF FLOCKS IN ENDEMIC AREAS.

The resuits of the expériments on dietary mitigation and on the
reduetion of the fluorine level in the water having revealed no practical means
of overcoming the problem of fluoresis in sheep, further information must be
obtained on how flock management affects the severity of the lesions. From
clinical observations, it has been shown that, by efficient management and the
use of surface water For sheep during their suseeptible period when permanent
teeth are being laid down, fhe harmful effects of fluorosis ean be Tavgely
avoided.

Gurface water is conserved in many arcas of the State not supplied by
permanent streams,  Water conservation is effected by making use of natural
contours and providing carthen tanks fov the gollection and stovage of run-off
water drained in this manner. Sheep may water directly from the earthen
tank, but it is quite convnon fo pump watey out to drinking troughs, as this
prevents damage to the banks of the tank by the shecp. The conservation
of surface water in western Queensland is limited by the porosity of the
soil and the high evaperation from a free water surface.

Many soil types are unsuitable for holding water. This problem,
however, may now be largely overcome by the use of dispersing agents to
geal tanks and protect against the action of soft water.
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As most of the rain falls during a short period of the year, a
permanent water supply is difficult to assure, especially in drought years.
Probably much conld be done to reduee the high evaporation loss from tanks
by providing wind shelters to minimize the evaporation due to wind, planting
shade trees adjacent to tanks and dams, and floating on water surfaces raft-
like coverings econstructed of light wood and providing an air insulation
space.

In spite of the difficulties presented by soil type and evaporation,
surface water must be conserved in endemic aveas, particalarly on properties
where all available artesian water contains a harmful level of fluorine. This
is essential even if the water made available by this means is only sufficient
to meet the requirements of young stock and for limited periods.

Consideration must be given to the alteration of paddocks by move-
ment of fences and to inter-paddock movements of sheep. At no time shounld
areas be too large or water facilitics so arranged that sheep have to walk long
distances to water. The following cousiderations must enfer into the
management of flocks in fluorided areas:—

(1) Young susceptible sheep shouwld be maintained in paddocks
watered by surface water or finorine-free artesian water.

(2) Grown sheep may be held in paddocks watered by affected
artesian water {up te 10 p.pm.F). .

(8) Breeding stock may be held on affected water but should be
moved to snrface water when the lambs start to drinl

(4} Sheep of various ages should be so rotated between paddocks
containing affected and non-affected water that the most
effective use is made of all grazing facilities and minimum
damage is done fo sheep through fluoresis.

Farther studies on this aspeet of fluorosis are now in progress with
the objeet of determining how the effects of fluoroesis can be mitigated by
variation in the time of exposure to and protection from water containing
fluorine.
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GENERAL CONCLUSIONS.

1. Supplementary feeding of protein, lime and/or phosphate does not
mitigate or delay the onset of fluoresis In sheep using water containing either
5 or 10 p.p.m.F as their sole drinking supply.

2. Up to 10 p.p.m.F in the drinking water affects wool produetion in
sheep only in so far as the dental damage limits food consmmoption.

3. There is no appreciable accumulation of fluorine in any edible portion
of sheep which have been for two years on water containing 10 ppanI. Hence,
there is no danger to humans in the consumption of such animals.

4. Pregnant ewes drinking water containing np to 10 ppm.F do not
transiit  appreciable quantities of finorine either to the foetus or to
the lamb through the milk after birth. Ilowever, although this procedure is
safe with regard to the lamb, field evidence does suggest lower lanbing figures
In such ewes. In addition, water containing 1¢ pp.n ¥ is certainly harmful
to young breeding ewes.

3. Toformation has been collected to explain anowmalies in the incidence
of fluorests in endemie areas.

{a) Pasture growing along hore drains ov on land Hooded by bore
drains reticulating fluorided water wmay take up appreciable
quantities of fluorine. This offers an additional soucee of
filugrine to stock in affected areas.

(B) Soil forming the banks of bove drains and soil of areas fionded
by bore dvains vetienlating Huorided water contain appreciable
quantities ol fuorine. To localities where earth eating by stock
is common, this may offer an additional source of finovine,

{¢) Evaporation in bove drains, terwinal daims, eavthen tanks and
troughs may raise sharply the fluorine level of the water. In
gencral, these levels inerease with distance from the borehead.
A case was noled where the fluorine level decreased with
distanee fromn the borehead, and it was found that the bore
drain van through large caleinm su'phate deposits.

() Clinical observations showed minimal Auorvine damage to sheep
in good or ‘flush’ seasons. The explanation is offered that
under such cireumstanees most of the animals’ water require-
ments will be met by moeisiure in the sueenlent green pasture
together with femporary catchment of surface water,
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' (e} Alternative sources of water ave often avallable for a portion
of the year either Irom surface water or from one or wmore
bores containing innocuous levels of fluorine. Inter-paddock
movements must then be 1aken inte aceount in the corvelation
of the incidence of fluorosis with the fluorine content of the
water,

6. It is not possible cconomically to reduee the fluerine Jevels in affected
artesian water to an inmnocuous level for stock.

7. In the iight of present lmowledge the only effective means of
combating this disorder lies in the management of flocks. Investigations are
now in progress to find the period of exposure to affeeted water which will
produce the least damage in stock. TUntil these studies are complete, the
following rules for flock management should be observed :-—

(«) Surface water should be provided in some paddocks.

(b) Subdivision of paddocks showld be based on the distribution
of bore drains. Young stock should be pastured on surface
water if possible; it not, on the bore drain comtaining the
least fluorine (i.e., as near the borehead ay possible).

{¢) The use of paddocks watered by far distant portions of the
bore drain or terminal dam should be restrieted fo mature dvy
stoek, Im a ‘flush’ season such paddeeks may be used by
voung growing stock, but preferably for short periods and
certainly not when the pasture reaches standing hay stage.

() If necessary, lambing ewes can be held on waler containing
a hieh fivorine level. Ouee the lambs ave old enough to drink
water-—say three weeks—the ewes and lambs must be moved
to surface water or water of mincral fluorine content, or the
lambs must be weaned early and woved to safe water.

8. In the present state of owr knowledge, extremie caution should be
exervised in drilling new bores in an endemie area, although bores of low finorine
content have been found in areas where neighbouring bores show a high level
of fluorine.
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APPENDIX.
NOTES ON ARTESIAN WATERS.

An artesian basin is the whole of an area within whieh pressure water
exists and from which artesian or sub-artesian water is obtaized by boving,
together with the area ovenpied by the ground water contained in the upper
and marginal unconfined pertions of the water-bearing beds. The extent of
the {fveat Artesian Basin of Australia is shewn in g, 88,

Where the storage system s open on its upper side and the eontaned
water supports only the pressure of the atmoesphere, this water is known as
ground water,

Where the cavities in which water is stored in the rocks are not inter-
connected with free access to the air, this water sapporis the pressurve of the
overlying column of water in addition to the pressure of the atmosphere and
s known as pressuve wafer,

The general terw to include every kind of water-careying bed, opening
or cavity in rocks s aquifer.

When a borehole taps an aquifer containing pressue water, this water
may be under such pressure that it vises above the surface of the ground and
is said to be artesian water. The borchole from which it flows is termed an
artesian bore (g, 90).

In those cases in which the pressuree suffices to cause the water to rise
above the level at which it is met, but does not suffice to eause it to rise above
the surface, the water is said to be sub-artesian, and the bore is termed
a sub-artesian bore.

The reticwlation of avtestan water s effected by cheaply construeted
draius or channels of nniformi depth with a ininimum fall of nine inches to
the mile (¥ig 91). The fall is generally greatest from the spiliway at the
borehead where the borehiole is situated. The length of the drain varies
different localities, but a flow of approximately 10,000 gallons per day is
required for one mile of bore drain. 'The bore drain may terminate i oa dam
or discharee into a natural water channel or depression. Htock may water
direetly from the bore drain or the water way be pumped to drinking
troughs.
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TFig. 89,
Map Bhowing Approximate Timits of the Great Artesian Basin

[ Erom w wmap publivhed by the Quecnstund Depurfent of Public Lands.
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Fig. 90.
A Typical Borchead,

Fig. 91.
Portion of o Bore Drain.
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POTATO TUBER MOTH (GNORIMOSCHEMA
OPERCULELLA (ZELL.)) INVESTIGATIONS IN
SOUTHERN QUEENSLAND.

By AL W. 5. MAY, M.5c Agr., Entomalogist, Science Branch, Division of Plant [ndustry.

SUMMARY.
I Three (sometimics two) applications of r b, DDT per acre at fori-
mightly intervals prevented infestation of tops dwring most of the growing
period of the spring-planted crop and reduced the likelihood of tuber infestation.

2. DDT was more cffertive as a spray than as o dust; spravs produced
incrcases of up to r7% inosuonber and 33% in welght of table quality tubers.

3. Hilling reduced tuber infestation and did sot retard tuber forination
swhen applied between 72 and 14 weeks after planting.  Hilling alone did wot
prevent tuber damage, but following DT sproying it screed as an cffechizve
barrier against tuber Oifestation tn the prelarvest period.

4. The preper wntegration of DDT spraving and hilling is cssential for
Guorimnoschema control, as cach fulfils a separate but complomentary role in
ensuring the moxhnum production of sound tubers.

INTRODUCTION.

The potato tuber moth (Gnorimoschema operculella (Zell.)) has long been
recognized as one of the major pests of potatoes, being well established in many
countries throughout the world. Lerval tunnelling in the leaves (Fig. 1) and
growing points reduces effective leaf area (Fig. 2), while funnelling within the tubers
reduces market value. Tt is by far the most important pest of potatoes in
Queensland, occeurring in all centres of production. In the southern part of the
State, damage to tops sometimes occurs in the autumn-planted crop, but the pest
rarely assumes major importance. In the spring-planted crop, however, high
populations may develop, particulaxly during seasons of low rainfall, when total
crop failures due to fuber moth attack are not uncommon.
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Early attemipts to control this pest with chemicals were bandicapped by
lack of effective insecticides and machinery for their application and by the
excessive costs involved. Spray schedules incorporating arsenate of lead {Newman
and Morgan, 1937) and other arsenical preparations (Lloyd, 1943 ; Helson, 1944}
were unsuccessful.  More promising resuits were obtained with derris (Lloyd, 1943)
and phenothiazine (Helson, 1944) under experimental conditions, but costs of
application limited their adoption on a ficld scale. For this reason emphasis was
placed on cultural practices that would prevent or minimize damage in the ficld.
Langford (1933) and Lloyd (1943} had found that deep planting combined with
hilling as the crop developed were effective in reducing tuber infestation.

Measures applied prior to harvest gave indifferent results and additional
practices were adopted to prevent further losses. Newman and Morgan (1937),
Lloyd (1944) and others advocated rapid harvesting and the removal of the bagged
tubers from the field as scon as practicable o reduce the likelihood of egglaying
or infestation by migrant larvae once the tubers were exposed. More recently,
the application of various types of insecticidal dusts to the bagged tubers has been
shown to assist greatly in preventing infestation at this stage (Lloyd, 1944 : Smith,
1944 ; Cannon, 1947 ; Helson, 1949),

With the advent of DDT, the ocutlook for tuber moth control in the tops
changed considerably. Granovsky (1044), in preliminary trials, showed the
worth of this insecticide against potato pests, while Cannon and Caldwell (1946)
were able to prevent leaf mining in tobacco by Guorimoschema larvae following
DDT applications. Lioyd (1946), Cannon {1948), Helson (1949), and Hofmaster
(1949) investigated the use of DDT to prevent damage to potato tops ; all concluded
that this insecticide was superior to all other materials previously used and advocated
its use in the general control programme. Though a schedule of DDT applications
was shown to prevent top damage, complete tuber protection in the field was not
always obtained. Both Cannon and Hofmaster considered that a schedule of DDT
applications to the tops, followed by a system of billing or ridging plants as tubers
developed, would be required for effective tuber protection. .

No work had been undertaken to evolve an effective schedule of DDT
treatments and cultural measures of econtrol wholly suited to the conditions
pertaining in southern Queensiond. Here, the pest is active soon after plants of
the spring crop are through the ground in early August, and subsequent crop
development occurs during a period favourable for pest development. Very high
populations may be present as the crop reaches maturity.

To minimize crop damage, an effective control programme is required. To
this end, experiments were carried out on the spring crop for three consecutive
years, commencing in 1948. Broadly, these investigations sought information on
the part played by both chemical and cultural treatments in ensuring the production
of sound tubers at harvest, and any effects such treatments may have on yield of
tubers,
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METHODS.

All trials were planted in accordance with grower praetices under irrigation
conditions in the Lockyer Valley, sets being placed at a depth of 46 inches, in rows
approximately 3 feet apart with 15-inch spacing in the rows. Cultural practices
such as application of water and fertilizers, weed control and soil tillage werc left
to the diseretion of the farmer.

Randomized layouts were used. Plot size varied slightly in different trials,
according to the area of land available, the rows numbering four or five and row
length being between one and two chains.

All hills were constructed with horse-drawn single-row scufflers, fittee, with
the appropriate attachments.

Sprays were applied by a knapsaclk sprayer when the plants were small,
and later by a power spray fitted with a §win nozzle hand-operated spray rod operating
at 200-250 1b, per squarc inch nozzle pressure. Dusts were applied in the early
morning by manually operated rotary dusters.

It was intended to apply the insecticide at the rate of 1 Ib. DDT per acre
at cach application. Spray dosages in the vicinity of this figure were achieved
during the 1950 season’s experiment, but in the two previous seasons excessive
top growth necessitated applications of 100—150 gallons of -1, DDT spray per
aere,

Dust applications ranged from 301b. to 45 1b. of 2%, DDT dust per acre,
depending on the leafiness of the plants and the atmospheric conditions prevailing.
Under ideal dusting conditions, adequate plant coverage was obtained with
approximately 30 1b. dust per acre. A 29, dust was used because at a lower
coneentration a dosage rate approaching 1 1b. DDT per acre would be wasteful of
material.

1948 Experiment,

"This was concerned with determining the most appropriate time for applying
insecticides and the cofficacy of DDT in both spray and dust forms. The trials
comprised two scries ; in one the plots received a 29 DDT dust and in the other
a 0-1%, DDT spray. The series were identical in design, which was a 4 x ¢ layout
duplicated on two separate farms.

The treatments in both series were as follows :—

(1) DDT applied at the first sign of moth aetivity, with a second application
10 days later ; {2) in addition to treatments in (1) above, a preharvest treatment
three weeks before harvest ; (3) a preharvest treatment only, three weeks before
harvest ; {4) no insecticides,

In both series, all plots were uniformly hilled shortly after flowering
commenced and the hills maintained until harvesting. TFrequent light spray
irrigation was applied to reduce soil cracking as the tubers developed.

Harvesting of all plots was completed in the same week.
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1949 and 1950 Experiments.

Though hilling had been practised in the 1048 season’s experiment, no valid
conclusions concerning jts role in protecting the tubers from damage could be
drawn. Subsequent cxperiments were concerned mainly with evaluating the relative
contribution of insecticide and hilling towards freedom from tuber damage at
harvest.

Abnormal rains in the spring and carly sununer of 1949 interfered with the
trials, which were thercfore repeated in the spring of 1950,

In both years, three identical trials were laid down on different farms. The
layout used was six randomized bloeks each covering the three cultural treatments,
with insecticidal treatments superimposed and randomized within each block.

The treatments were as follows :—

{a) Cultural  treatments :—(1)  No hilling—inter-rows scuffled only; (2}

rows hilied soon after flowering; (3)rows hilled soon after flowering and again
three weeks later,

(b) Insecticidal treqtments :—{A) 019, DDT spray applied at the rate of
lh. DDT per acre ; (B) 29, DDT dust applied at the rate of 1 Ib. DDT per acre ;
{C) no treatment.

The initial insceticidal treatment was applied when (faorimeschema adults
were first noticed jn the crop.  Subsequent applications were timed to prevent
an infestation developing in treated plots and were made at intervals of
approximately two weeks.

Assessing Results,
Estimates of pest activity within plots were made in the 1948 and 1949
seasons by counting the number of Jarval mines in a random sample of plants in
cach plot.  Systematic sampling was not attempted during these two seasons.

In the 1950 experiment, a count of the number of larval mines in the terminals
of u random sample of 20 plants from the inner rows of each sub-plot was made.
A terminal consisted of the first six leaves below the growing point that measured
not less than four inches in length. In addition, the presence or absence of larval
infestation in the growing point was taken into account. A% cach sampling,
a total of 360 terminals was counted for each treatinent. Counts were made prior

Yo each insecticidal application, with an additional count approximately 10 days
before harvesting.

As cach plot or sub-plot in the 1949 and 1950 experiments was harvested,
the weight of tops from a sample of plants was recorded and the tubers from. these
plants sorted into the following grades :—

First grade : tubers weighing three ounces or more.

 Becond grade: tubers of table quality less than three ounces weight.
Chats ; all tubers too small for table use.
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For each of the above grades, the number and weight of tubers and the
number of tubers infested by tuber moth larvae were recorded.

The methods of taking plant samples were as follows :—

1948 expeviment : Twenty consecutive plants from each of two inner rows
per plot were sampled, a total of 320 plants per treatment.

1949 experiment : Ten consecutive plants from each of two inner rows of
each sub-plot were sampled, giving a total of 360 plants per treatment.

1950 experiment : Five consecutive plants comprised a unit sample, Three
such samples were taken from sections of the inmer rows in each sub-plot, making
a total of 54 samples {or a total of 270 plants) per treatment.

1851 Observations.

Though formal plots were not used, several commercial crops were kept
under close and regular observation during the 18531 season. On these areas,
insecticidal and hilling treatments conformed to & pattern suggested by the results
obtained in the previous experimental studies. The worth of these freatments
was assessed by observing the extent of top damage and tuber infestation at
harvest.

-

RESULTS.
1948 Experiment—Sprayed Series,

Block A,—This trial, on portion of a commercial block of certified Factor
potatoes, commenced with the application of a 1% DDT spray to treatments
1 and 2 on September 13. Moths were prevalent before this treatment was applied, -
and though plants were only six to eight inches high and possessed on the average

from four to six leaves per plant, larval damage was evident. A pretreatment
estimate of (morimoscheme activity showed a mean of -4 larval leaf mines per
plant.

The application of DDT to the surrounding commereial crop comeided with
the initial experimental treatment and temporarily checked moth activity. Moths
were again active by September 28, when the plants were approximately 12 inches
high, with flower buds evident on most of them. A second DDT application was
then given to plots receiving freatments 1 and 2. By this time a considerable
difference between plots in rate of plant growth was evident. Plants which had
received DDT applications made good top growth and were virtually devoid of
insect damage. In contrast, unsprayed plants showed extensive larval mining ;
populations of Austrowsca viridigriseq Pacli and Macrosiphum gei Koch were also
present and contributed towards a ragged appearance of the plants and obvious
checking of their growth.

The preharvest DD application for treatments 2 and 3 was applied to the
respective plots on October 22. By this time, extensive leaf mining had occurred
in plots Tecciving treatments 3 and 4 and some tops carried little green foliage.
Those plants receiving treatments 1 and 2 showed little damage at this stage, the
plants continuing to grow vigorously. )

This trial was harvested on November 11,
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Block B.—This duplicate experiment was located on a portion of an area of
certified Factor potatoes on a farm some distance from the companion biock A.

A pretreatment count on September I3 of larval mines from 100 plants
within the experimental area gave a mean of 1-2 larval mines per plant. Subsequently,
the incidence of Gnorimoschema developed to a greater degree than that recorded
on block A. No insecticides were used in the adjacent farm acea.

DDT applications in the separate treatments were made on dates corres-
ponding with those in block A, Growth responses in those plots receiving treatments
1 and 2, and the effect of DDT on the general insect population, were again cvident.

Following harvesting on November 10, the data from these two blocks were
sununarized (Table 1). Mean values for weight of tops and weight and number
of tubers in each grade were caleulated on the basis of 40 plants per plot; the
figures for percentage infestation are weighted averages of the separate percentage
figures. The prevention of inscet damage on top growth in plots receiving
treatments 1 and 2 was reflected in the increased weight and number of tubers
produced. Highly significant increases of 43 per cent. in weight and 17 per cent.
in number of table quality tubers were recorded.

Iig. 1.

Potate Leaves Infested by Gnorimoschema operculelle (Zell). At this stage the
Inrvae may still be active within the leaves.
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Table 1.

SUMMARY OF DATA—1948 EXPERINENT (SPRAYED SERIES).

Mein wedshit of tubera.

0%} Mesie aunsher o tubeis.,

1
: i .'\_Ig-z'm - Moth-
Trentment. i. — : o ! __| :}ITE?,I,IE ! '{ﬁfﬁtﬁd
i i I Total, Clats Total, fon) ) K
. ; ' !
L. Eavly spraying., .= 742 : 47 T84 i RUTH 204 3-7
2. Early plus pre-
havvest spray- )
ing L. S 715 o G5 [ 111 EHES IR 2b
3. Preharvest spray- I : : :
ing .. T S T 1 332 1t 57 208 183 73
4. Untreated .01 &l 1 42 353 LA 1§ 22T ' wi e
se. .. oA AT g g L 70! 169
Significant  differ- :
enees— . : } ;
59 lavel YA 17 1 63 ) BEPR S N S 50 20
5 ! ' L 3s 69 28

19, level I B~ 27 2

A preharvest freatwent only, though prolonging top growth to a shght
degree, had no inflnence on yield. 1YY applications by reducing populations
in the tops decreased the likelihood of tuber infestation; early treatments were
more effective than the prehavvest treatment in this respect. '

1948 Experiment;Dusted Series,

Block 4.—This trial, using the variety Sebago, was situated on the same
farm and close to the sprayed series in block A. Thus somewhat similar levels
of pest population ecould bhe expeeted for the two experimental bloeks. A
pretreatment count of larval activity in the tops within the dusted series gave a
mean of I-3 larval mines per plant.

Rain showers reduced the effectiveness of the dust deposit on the plants,
falls being recorded within three days of both the first and second dust applications
to treatments 1 and 2 on September 11 and 25. From the outset the dust did
not appear to exhibit the same degree of control as the DDT spray and some moths
were always present among the plants. An examination of 30 mines on leaves
of both dusted and untreated plants on September 29, following the second
application of dust, showed that 13 larvae were alive on the dusted plants and
24 on the untreated.

No obvious growth differences were noticeable between plonts on dusted
and untreated plots by September 28-—a marked contrast to the obvious effect
produced in the sprayed series nearby. However, all plants were responding to
good growing conditions at this time, and it was obvious that the variety Scbago
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was not affected by larval damage to the same extent as Factor. The Sebage
jlants were more upright and spreading, and the larger top growth tended to mask
farval mining in the leaves. '

The preharvest irveatment was applied on the morning of September 23.
All plots were harvested on November 12, The results, exprossed as plot means,
are given in Table 2.
Table Z.

Dara For 1948 BExreErivMeENT (DusTED SEmiEs).

i . i
! Mean weight of tulers, ! Aleun number of tubers.

' {02} ; ‘
. i | Moan Motlh-
‘Ereatment. ST : ; ' | weight infested
! and H P First and of tops. tubers.
ioseeond 0 €lats. | Total. | seceond o Chabs. Total. o2 o
I grade. : | arade. | : :
: : : : i oo e .
1. Harly dusting .. . 782 ! 42 By 180 i 16 0 226 0 284 R
2. Early plus pre- ’ )
harvest dusting. . 687 a0 T8Y 153 44 202 . 24 3
3. Preharvest dust- . o . :
ing .. ..., 476 3% 1 813 . 133 . 43 s 163 6-8
4. Untreated A 11 30 1 581 137 34 1z, 153 | 76
. : L R _
se. .o . B0l TS ) BE6 122 0 TR L 166 230
. . ! i
— e — —
Signifieant  differ- : |
enees— ' i ; ¢
A%, level .. i6h b 175 34 23 | 533 i 32
1%, level L. 230 f_ 364 251 56 .. : 76 106 ]

Block B—This portion of the experiment, also laid down on the variety
Sebago, was abandoned before harvest as unforeseen circumstances prevented
uniform cultural management throughout the cxperimental area.

The results from block A revealed a similar trend as in the sprayed series
with regard to weight and number of tubers and weight of tops produced for the
several treatments. Early DDT applications resulted in increases of 42 per cent.
in weight and 32 per cent. in number of tubers produced. However, variability
between plots within treatments increased the necessary differences for significance.
This can be attributed partly to uneven dust cover and the cffect of rain in reducing
the residual action of the dust.

No significant difference in percentage tuber infestation occurred between
trecatments. This could be explained partly by the reduced efficacy of the dust,
but it is raore likely due to a varietal charvacteristic. The varietal habit of producing
long stolons increased the likelihood of the ground cracking, as the tubers tended
to form mnearer the soil surface; further, many tubers were partly exposed by
hilling operations.
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1942 Experiment,

Trials were located on three separate farms, and though some uniformity
was possible in timing insecticide applications, unseasonable rainfall with resultant
high soil meisture did not allow hilling to be undertaken at corresponding times
on the three properties. Though interfering with the original plan of the experiment,
this afforded an opportunity of evaluating the respective control measures wunder
the abnormal conditions experienced.

Fig.. 2.
Effective Leaf Area Reduced by the Lavval Mining of
Guorimoscheme opercuielie (Zell.).

Trial 1.

In this trial, planted in mid-July to the variety Sebago, the majority of
plants were flowering and had made large top growth by October 3. Excesstve
rain and its effect on the heavy olay loam soil prevented cultural treatment {2)
being applied until treatment (3) was due. Both hilling treatments were carried
out on November 1. The experiment was harvested on November 16.
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The first DDT treatments, both spray and dust, were applied on October 5.
Priov to this date Guorimoschema was virtually absent, and only a very light
infestation was cvident when treatments were applied. A second insechicidal
treatment was delayved by rain for so long that it was considered too late to be of
any consequence for experimental purposes.

Though moths were always present in the plots after October 3, numbers
were never high and the excessive growth of the tops masked pest activity, Adults
of Bpilachna 28-punctate Fabr. were prevalent after flowering, their damage being
noticeable by harvest. The differences between treatmoents, particularly with
regard to weight of tops produced, were largely due to this pest. Other pests,
ineluding dustroasen viridigrisen, were of little importance. The results, expressed
az sub-plot means, are presented in Table 3.

Table 3.

Lhars rFor 1949 ExperiaesT (Trian 1)

Culbural Teeatments,

Inscckicidal Treatmenis, - \ : b Sirnifieant Differences.

1. . 2, , 3. :
: Xu Early i Late ¢ MMeans.
P Milling. | Ihilling.  ;  Hillime

{c«} Meun weight of tubers from 10 plants (oz.)

A (DDT spray) .. .. 261 289 1 267 | 266
B (DDT dust) .. ... 323 ° 234 | 233 0 270
¢ (Unteented) .. . 7TH Lo 230 260
Means .. .. .. 28% . 250 250 1 263

{b) JMenn number of tubers from 10 plants.

A {DDT spray) . R By ! G2 63
B (DDT dust) .. .. o W 66 0
C (Untreated) .. . 76 70 | 75 | 4
Means 73 70 | 68 i 71

{e) Mean weight of tops of 20 planis (o2}

A (DDT spray) L 169 169 ! 153 | 83y 'ApB
B (DDT dust) .. o 134 i 139 121 138 tA > ¢
C (Untreated) .. o 145 LETE. 144 143
; : - i :
Aeans .. .. . 149 1506 } 139 48
{d) Percentage tuber infestation.
A (DDT spray) S 64 2.2 36 ! 41 i(1l>2)
R (DDT dust) .. o 46 52 53 67 iB>A
C (Untreated) .. o 70 4-G 38 | 5z
: ; : ; I —
. ° : 4 i |
Means .. .. ..o @7 w0 | 43 | 53

In the final ecolumn, brackets indicate that the difference exceeds the necessary difference
for significance but the I’ value in the analysis of variance is not significant.
> = significantly greater than at the 39 level.
» == sighificantly greater than at the 195 level,
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Despite a low incidence of Gnorimoschema for the greater part of the
experiment, hilling approximately two wecks hefore harvest was effective in slightly
reducing percentage tuber infestation. This benefit was obtained despite the soil
being too wet to permit the construction of proper hills. There is a suggestion
that hilling was assoeiated with a slight reduction in beth weight and number of
tubers produced, but the differences were not significant.

Insecticidal treatments were not associated with any increases in weight
or number of tubers produced and were applied too carly to have any influence
on tuber infestation at harvest. Sprayed plots produced more top growth than
dusted or untreated plots, an effect due largely to the incidence of Epilachna
28-punctafe and allied foliage pests in the vespective plots throughout Qctober.
Such damage was of little consequence, for it had no influence on the yields obtained,

Trial 2.

This arca of the variety Sarenac on a heavy clay loam soil was planted in
late August following late winter rains.  (fnorimoschema waz active by the beginning
of October, and the first DDT treatinent was applied on October 5. By this time,
some plants were flowering but had not produced large tops. The second DDT
treatment was delayed by rain until November 3; larval activity in the tops had
been inereasing for some time. The exeessive top growth prevented good coverage
being obtained., Further rains in mid-November prevented the application of a
third insecticidal treatment; there was evidence of Gmorimoschema activity ot
this time.

Recurrent rain and the constant wetness of the soil caused by excessive top
growth interfered to some extent with the application of cultural treatments, The
carly hilling treatment was applied on October 17 when the majority of plants
were flowering, but the wet, firm soil prevented the implements penctrating to a
sufficient depth and these hills were poorly constructed.  The late hilling treatment
was applied on November 9, and again excessive soil moisture and intergrown plants
prevented the formation of satisfactory hills.  Maintenance of these hills was

prevented by further rain.

Apart from morimoschema, pests were of little importance. Any activify
by Epilackna 28-punciata, Austroasca spp. and other leaf-feeding insects was masked
by the copious leaf growth.

The variety Sarenae formed its tubers on unusually long stolons, some
measuring over nine inches in length. Some tubers formed within the soil zone
traversed by cultivating and hilling implements. No doubt hilling interfered with
the setting or development of such tubers, while many were left partly exposed
or only slightly covered with soil after the passage of the hilling implement. Soil
packing from the heavy rains and the excessive growth of tops promoted mechanical
damage to tops during hilling. This, in turn, would influence plant growth to a
certain degree.
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Table 4,

Dara ror 1948 ExpErivuNT {(Trian

Cultural Treatwments,

INVESTLIGATIONS,

24

3

Inseeticidal Treatments.

1.
Nay

Hillinge.

2

Harriy
Hilling.

i 2,
Late
ililling.

Jenns,

i
_I Signilicant Dilferenges,

{a) Mean

weight of tubers from 200 plads {oz.)

A {DDT spray} A 516 136 i 173 +35 itp2s 103
B (DDT dust) i34 300 3y 1Y A RC; ALB
2 {Untreated) 427 363 ERL wr

Means a +i3

$06

(B) dean nuiber of tubers from 20 plants.

A (DD spray) 137 ¢ 1% 1ig 24 iw3;022
B {DDT dust} 130 116 03 e AnC
C {Untreated) I3 13 uz o2
Means 127 2 102 113

(e} Menn weight of tops of 20 plants {63}
A (DD spray) L s | 27 172 1531 |
B (DT dust) : 133 146 i23 4! AL B
¢ (Untreated) 82 113 114 03
Menus 136 120 1343 132

{ed) Dercentnge taber infestation,

A (DY spray) 140 20 414 R .
B {DDYT dust) 424 467 410 133 oW
O {Untreated) 451 442 3008 441
Afeans 4501 143 REI RS 4

Brackets indicate that the difference exceods the nccessary diffcrence for significance
but the F value in the analysis of variance is not significant.

> = significantly greater than at the 394 level.
» = significantly greater than at tho 19 lovel.

Harvesting was unavoidably delayed for approximately two weeks until
December 14, when extensive ground cracking was evident.
were prevalent in the area and tuber infestation was seveve when the experiment

was eventually harvested.

nlcats.

Grorimoschema moths

Table 4 sets out the results, expressed as sub.plot

The delay in harvesting nullified any benefits that DDT applications ov
hilling may have had on percentage tuber infestation.
cracked extensively once the fops of the plants wilted and the surface of the soil
Under such conditions, the poorly-prepared hills

became exposed to the sun.

The waterlogged soil
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could not have been expected to fulfil their teue function. Guorimoschema
populations from untreated plots and neighbouring areas of unsprayed potatoes
found conditions ideal for the rapid reinfestation of DDT treatment plots.

Late hilling probably prevented tuber infestation to a slight degree, though
the differcnice was not significant. Significant differences in favour of late hilling
were obtained for percentage infestations in first grade tubers only (Table 5),
suggesting that a greater proportion of these larger tubers than of the second grade
and chats is formed deeper in the soil.

Table 5.

Data ror 1948 BxpeaivexT (Crrrrran Tresruexts, Trian 2).

Cwltucal ‘Preatiments.

|
¢+ Difference
— - o o ¥y [ov
i SIgniticsnos at
- I i 2. Harcly 3. Lat 0
1. No Iilling. I I[illi}!r‘.; ‘ f[illi::g(? . Means. E 3% level
First grade Postr | 39 314 | ss1 ! 85
E | | | !
Second grade | 51-7 : 475 178 | 480 ; -3
Chats I X SRR N: : S B -3 ‘ 517 ‘ 16-0

Though DDT applications were never sufficient to suppress Gnorimoschema
activity entirely, they promoted greater top development than oecurred in
untreated plots. This has again been reflected by an increase in both weight and
number of tubers produced, the DDT spray {18 and 23 per cent. increases) being
more effective in this respect than the dust {4 and 11 per cent.).

As expected from the habits of tuber formation of this variety, hilling, though
somewhat more Jikely to cause plant damage under the soil conditions prevailing,
has had a marked effect on both weight and number of tubers produced. Bath
carly and late hilling caused a reduction of some 15 per cent. in weight of tubers
produced.

Trial 3.

This tria), located on a sandy loam, was planted to the variety Factor in
mid-August. Grorimoschema moths were present in the area by October 3, when
DDT treatments were applied. The early hilling treatment was carried out on
October 11, when the majority of plants were flowering. The friable soil enabled
hills to he formed satisfactorily. Before the late hilling treatment was applied on
November 3, the abnormal rains promoted abnormally large tops and these hills
were not completed without some difficulty and damage to plants.

Moths were again prevalent and foliage damage was evident in the arca by
carly November, but rain delayed the application of DDT until November 15.
Excessive top growth and further rains reduced the efficacy of both insecticidal
and culbural treatments. Slight aetivity and damage by Epilachna were observed
in early November and some plant defoliation had occurred by harvest.
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Late rains and excessive soil moisture delayed harvesting until November 24,
when ground eracking was evident on the better drained portions of the experimental
area. The results obtained are expressed as sub-plot means in Table 6.

Table 6,

Dara For 1940 ExperiveNT (Trisn 3).

Colturat Treatments,

i ! B — | Significant Differences,

Inseeticidal Treatinents.

1. 2, : 3.
) ! Taris ) Late Aleans.
Iilling. ;  Milling. | illinwe,

(ee) Mean weight of tubers from 10 pants {oz.)

A (DT spray) L 198 264 | 200 ¢ 200
B (DDT dust) .. . 215 . WL 2T 208
€ (Untreated) .. L 248 196 tst 08

. — __'_' |_-"
Aleans .. .. . 219 197 ' 200 © 205

(b} Mean wuiber of tubers frooe 10 planis.

A (DDT spray) S (R 69 PH 3
B (DDT dust) .. . EEA 82 CHI 83 (B> AQ)
C (Untreated) .. . 30 63 [ i

' 7

Means .. .. ..~ 57T I T i

{c) Mean weight of tops of 20 plants (02)

A (DDT spray) ot W06 13e 75 173
B {DDT dust) .. L 159 130 138 48
C (Untreated) |, e 162 135 W 125 i
AMeans L. .. . ' | By 140 132 49 i

{d} Percentage tuber dnfestation (wl grodes).

A (DD spray) <o 2G50 16-2 ' 84 T Dl p2,8
B (DDT dust) .. L S & SR F O S RS b - S e T
C (Untreated) .. g2 ; 180 | 225 0 232 |
Means .. .. 26 | 16 131 193 |
In the last columm, brackets indicate that the difference exceads the necessary difference

for significance, but the T value in the analysis of variance is not significant.
> = significantly greater than at the 39 level.
» = significuntly greater than at the 19 lavel.

The interval of approximately six weeks between the iwo insecticide
applications coincided with a period when crop development was procceding
rapidly. The early DDT application had little influence on pest populations
during this period and all plots were subject to similar levels of pest activity.
The late insecticide treatment, ninc days prior to harvest, would not have
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retrieved the position and thus little benefit in fop weight or tuber yields could
be expected from DDT applications. The late application of DDT did reduce
pereentage tuber infestation by approximately 30 per cent.

Tuber infestation at harvest was far in excess of what would have heen
expected had DDT been applied on a closer schedunle. Despite the relatively high
populations of (morimoschema throughout November, both early and late hilling
reduced tuber infestation by approximately 40 per cent., while a combination of
late DDT spraying and Jate hilling was very effective in preventing tuber damage.

Hilling had no influence on tuber vield, in contrast to the finding in other
experiments. The friable so0il and the ease with which the hills were formed may
have been partly responsible, though the habit of the variety Factor in forming
the greater bulk of its tubers close to the base of the plant would preclude damage
of the order associated with the long stoloned varieties, Sarenac and Sebago.

1950 Experiment.

Triplicate trials differing only in soil type and variety planted were coni-
menced.  One planted to the variety Katahdin on a heavy black clay loam
beeame waterlogged soon after planting and was abandoned. Whereas all plots
in the two previous season’s experiments embraced four rows, plots in the 1950
series wore increased in size to include five rows, the plants in the three inner rows
furnishing the data recorded.

Trial 1.

The variety Sequoia was planted on a dark-brown sandy loam on August 4,
following heavy July rains. The majority of the sets had germinated by the end
of August. Flowering was well advanced by October 13 and fwo weeks later
cultural treatment (2) was applied. The late hilling treatment was carried out
on November 21, when the hills in trcatment (2) plots were repaired. Fuarther
¢nltural attention was prevented by rain.

Very slight moth activity was noticed on September 20, and a pretreatment
count of larval mines on September 20 gave a mean of 0-16 mine per terminal.
DDT applications were made on September 28. A further count of larval miaes
on October 13 gave the following results :—Sprayed plots 0-01 mine per terminal ;
dusted plots 0-02 mine per terminal and untreated plots 0-10 mine per terminal.
Further DDT was applied immediately following this count to check tuber moth
activity in treated plots. A third estimate of G(norimoschema activity on
Novermber 3 revealed the following order of infestation in plots :—Sprayed—0-0
mine per terminal ; dusted—0-01 mine per terminal; and untreated—0-44 mine
per terminal. A third and final insecticide treatment was applied following this
count.

Very low populations of the two jassids Ausiroasce viridigrises and Orosius
{Thamnottetiz) argentatus Evans were recorded in late September. Newly established
colonies of the aphis Macrosiphum gei were prevalent at this time but these
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disappeared from plants receiving DDT applications. Large numbers of Epilachna
adults appeared in the plots in early October, but these insects targely disappeared
from plots after the second DDT application, though some persisted in untreated
plots until harvest.

Though rain was recorded frequently throughout Oetober and November,
the plants did not produce excessive fop growth. An attack of Irish blight
(Phytophthora infestans de Bary) developed in showery weather in early November
and severe plant defoliation had oecurred by the end of the month. This discouraged
the development of tuber moth in the tops as the plants aged, while the persistent
showers throughout November prevented ground cracking as tubers developed,
As a result, tubers were harvested on Decenmibher 8 virtually free from (rorimoschema
infestation. The yield data obtained are presented in Table 7; cach value
represents the mean vield for a 3-plant sample, weights being given in ounces.

Table 7.

Dars ror 1950 ExXpeErIMENY (Frian ).

Celnplturat Creatments,

tnsectivida) Treatments, | Significant Difference

N : 2, 3. : 5% lovel.
X : Tuarly : Lk ; Means.
Milline, Hilling, 0 illing, |
tr) Weight of tops.
A (DD spray) Lo 273 36 207 R4i TR
B {DDT dust) .. . 245 254 260 33 A B
£ {Untrented) .. .. 238 182 219 2l
Means .. .. .. 253 232 324 ek
() Number of tubers produced.
A (DT gpray) Lot 304 322 ¢ 338 32-1 i
B {DDT duost) .. o a4 3-8 20-5 302
G (Untreated) .. .. 30 308 32 310
Mowns .. .. .1 306 313 3t - 36l
(e} HWelght of hebers.
A {DDT spray) S EC N 2 431 | 1315 ;
B (BDT dust) .. copo 1286 co12T0 L1274 1276 i
! (Untreated) . B 5 - S § 20 | C117-3 0 0 119 '
Means . ..o 1265 | 1238 1203 1264 |

The Gnorimoschemua damage recorded in the tops prior to harvest was too
slight to influence tuber production and any differences between treatments must
be considered as due to the combined effect of all pests encountered. Epiluchne,
'partiéularly, defoliated some plants in untreated plots and its effects would largely
account for any differences between treatments in weight of tops produced. DDT
treated plots were noticeably more leafy than untreated plants. Any top damage
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would in turmn be reflected in tuber vields, and, in particular, late damage would
be more likely to influence weight, of tubers produced without necessarily affecting
the number of tubers formed. Hilling had no apparvent effect on the number or
weight of tubers produced. '

Trial 2, :

This trial, plauted to the variety Sebago, was located on a dark-grey to
black clay loam. Rain delayed planting until August 15,

Cultivation and irrigation were well maintained and weeds were always
under control, so good even growth vesulted. The early cultural treatment (2).
was applied on October 25, the hills being repaired when cultnral treatment (3)
was applied two weeks later.  All hills were fairly well maintained until harvest.
The heavy soil was not entirely suited to hilling ; ground packing followed the late
winter and early spring raing and the eloddy nature of the soil often prevented
a uniform hill heing maintained.

Takle 8.

Dars wor 1930 BxrerivMest {Twtarn 2).

Crltagiel Tresetineuts,

[ e —

Liseeticidal "Freatments, . " . 3 : : Sirnificant Difference:.
) X C Tardy Late i dMeans,
1Tilline:. EilTine. 1illing. :

{a) Weight of tops.

A (BDT spray) - 386 g 277 327 A »C
B {(BDOT dust) .. e A4 ‘ AL-T 280 30-7 (B>
¢ (Untreated) .. .. 306 251 23 W7
Means .. .. ... 338 2 . 257 297 |
(7)) Number of tubers.
A (DDT spray) . a3 252 | LR I 298 1,352
B (DDT dust} .. L2902k 200 0 284 A BOC
¢ (Gnteeated) .. . 274 L 218 269 0 234
Means Lo202 | a1 288 L am2
{ed Wedght of lubers.
A (DDT spray) oot il 1080 b 12!
13 {DDT dust} . | 1iz-5 | 106-‘._} 122-8 N ER | A
¢ (Uatvcated} . S 1182 I UL T
Means R ) ST ' SR T SR N R
_ - -- e e e = e 3 [ . B T T C e e m——— [ ——
(f} Parcentuye tuber fufestation (el grodes).
A (DDT spray) . o33 0-3 03 -1 i1yu2,3
' ) B, OsA
BADDT dast) .. . P31 o8 R 8 with1: B, U»A
“with 2 @ no sig. dift.
C (Untreated) . L. , 106 1-a* 1-3 £-0 cwith 3 LBpa

Means
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Table 8.—rontinued.
Dara vFor 1950 ExperiMeENT (TRian 23,

Cultyrad Treatents,

Erseetieidal Teeabinents. i ’ : | ) Sioniticant IMFerones,
: 1 : 2 H b i
X S BHady S Late I Aeans,
Tillingr ¢ Hilling. i fLiking.

{c) Perventage tuber infestation {first grode).

A (DDT spray) .. S 24 ! 1IN} ; LI . 08 1 p3; 12
I : : i cwith1: By A
R (DDT dust) .. . b8 i ol 22 with 2: 0 A
¢ {Untreated) .. o 3+ | 2.4 03 22 jwith 3 : no sig. Qilf.
Means .. .. Lo 37 ! 9 03 1-7 :

() Percentuge tuber infestation (second grade).

A (DDT spray) Lo 25 | R G0 Y 09 I»23
i i i Bra;Cra
; ; i i Twith 1: B, Cp A
B (DDT dust) .. e o8 | 59 55 with 2 : no sig. diff
¢ (Untreated) .. 186 I 05 37 [with3:B»A;B>C
Means .. .. ... 103 I N

() Percentnge tuber infestaiton (chats).

A {DET spray) e -2 0-0 ] 01 T w23

' ' B, UGy A
B (DDT dust) .. T P % S E T G50 with1:B,Cp A

. : : ; “with 2 : no sig. ditf.
¢ (Untreated) .. I 09 L 30 with3:B 5 A
Means .. - .. 07 -2 1-3 | -

> — significantly greater than at 59 level

» = significantly greater than at 19 level.

{fnorimoscheme moths were active soon after the plants appeared through
the ground in late August. Little larval damage had occurred by the end of
September, when a count of larval mines in 360 terminals showed a mean of (3
per terminal. DDT was applied to treatment plots on September 29, October 13,
and November 2, immediately following counts of larval mines in the terminals.
The results of these counts are presented in Fig. 3. By early November, extensive
leaf <lamage had oceurred in untreated plots, individnal plants showing up to
11 larval mines per 6-leaved terminal. '

Leaf damage duc to dustroascus viridigrisca was evident soon after the
crop appearcd through the ground and increased in untreated plots until late in
November. Colonies of MNacrosiphum gei were present in early September, but
disappeared later. Adults of Epilachna 28-punctafe caused leaf damage in untreated
plots by mid-October and had reinfested the DDT treated plots by harvest, but
Aamage was of little consequence. Leaf defoliation had ocenvred on some plants
jn untreated plots by this time.
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Though this soil type is prone to erack as it dries out, no noticeable cracks
had occurred by early November. Slight cracking was noticeable when plots
were harvested on December 12. The yield data from this trial are set oub in
Table 8, values being expressed as the mean for a 5-plant sarmaple and the weights
given in ounces.

Three DDT sprayings prevented larval infestation in the tops until early
November and maintained a vesidual action sufficient to prevent serious
reinfestation before harvesting. Though the DDT dust checked larval mining
until early November, an appreciable larval population had developed in these
plots by harvest. Larval activity was cvident in untreated plots by early
November (Fig. 3). Leaf mining increased rapidiy fater in the month and many
plants had been largely defoliated when the plots were harvested. Differences
hetween the number of mines counted per terminal for treatments at the final
sampling on December 1 were significant at the 19 level,

Coupled with the effects of other pests in untreated plots, the leaf
inury  coused by Gnorimoschema reduced top growth considerably. This
obvious effect was confirmed at harvest, when values for mean weight of tops
produced showed increases of 27 and 19 per cent. for DDT spray and dust
respectively. By protecting top growth, DDT. particulazly in spray form, has
greatly increased both number and weight of tubers produced. Spray and dust
applications were equally effective in ensuring tuber formation, but the poorer
residual action of the dust (Fig. 8), by allowing some top reinfestation while tubers
were developing, resulted in a lower weight of tubers at harvest than was obtained
in sprayed plots.

There is a suggestion (Table 8) that lase hilling in particular has reduced
top growth, but differences are not significant. It is to be expeeted that the lower
Jeaves and prostrate stems would be covered by soil thrown up by implements,
and this in itself would account for any reduction in top weight in late hilled plots.
The cutting of surface roots may check top development also, but probably would
be of lesser importance in the final results. Significant differences were obtained
between the number of tubers produced in early hilled plots and those from plots
receiving the other cultural treatments. These findings are also reflected in the
weight of tubers produced, but differences are not significant.

Three applications of DT spray, by preventing larval infestation in the
tops, considerably reduced the likelihood of tuber infestation. In unhilled plots,
only 3-3 per cent. of the tubers were infested, while hilling reduced this figure to
less than 1 per cent. This benefit from spray application wax reflected in the results
for all three grades of tubers. DDT dust alone was of little benefit in preventing
tuber infestation, as moths were able to reinfest plots before harvest.

Hilling alone reduced tuber infestation from 11-6 per cent. to less than
2 per cent. of the total tubers produced, with early and late hilling giving equal
benefit in this respect. Such protection could not have been expected had
harvesting been delayed.

Trrespective of treatment, the infestation recorded in first grade tubers was
always lower than that for the other two grades.
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GENERAL DISCUSSION.,

In the several cxperiments concluded, the value of both DDT and hilling
in checking the ravages of Gunorimoschema was established repeatedly. Each was
shown to fulfil a definite role in the control programme and the information
obtained has suggested how cach can best be applied in the field to benefit both
{imorimoschemu control and general erop production.

The Role of DDT Applications.

Fornddation of DDT Used.—At the concentration used, DDT spray was
more cffective than DDT dust in protecting the tops. Helson (1849) also came
to this conclusion, though he found that dust applications were effective in late
season crops, where populations waned as the season progressed.

Spray applications reduced moth populations rapidly and destroyed most
larvae in thelr mines. Dusts were not as effective in these respects. Spraying
was far superior in preventing larval mining in the tops in both 1930 trials, while
reinfestation occurred much more rapidly in dusted plots onee treatments were
discontinued (Fig. 3). Variability in top damage between dusted plots suggested
a less even cover of insecticide.

Figures for tuber infestation at harvest reflect the value of both methods
of DDT application. In trial 2 of 1950, the infestation in dusted plots (15-1 per
cent.) was signifieantly higher than in sprayed plots (3-3 per cent.). In fact, values
for dusted plots were comparable with those for untreated plots, providing further
evidence of the poor residual action of DT dusts.

On a cost hasis, spray is to be preferred to dust. Even if dusting was as
offective as spraying, using 1 1h. active constitvent per acre, the cost of dust would
prove almost twice as much as that of spray.

Effect on Crop Development.—In the cxperiments reported, the weight ol tops
produced on sprayed plots was significantly greater than that on untreated plots.
Greater differcnces oecurred when early applications of DDT were necossary.
Though the prevention of damage by Gnorimoschene Tarvae was lavgely responsible
for these differences, the controlof other potato pests by DDT wounld also contribute
towards increased top development. The jassids dwustrousce wiridigrisen, A. alfulfus
Kvans and Oresius (Thamnoteitic) argentatus, together with the potato aphis
{Macrasiphum gel) were recorded from practically all experiments soon after
germination and could be expected to influence the rate of early crop development;,
while the leaf cating ladybivd (Fpilachne 28-punctata), though rarely numerous
hefore flowering, eaused severe Jeaf damage in untreated plots hefore havvest.

Granovsky (1944) showed that DDT would prove effective agaiust most
insect pests of potatoes and these findings were borne out in these experiments,
All the pests mentioned above were controlled following DIXT applications and top
growth could develop without check from insect attack.
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Plots receiving adequate DDT spray applications made rapid and sustained
growth and a comparison with untreated plants indicated that DDT treatment
had stimulated plant development. Protection from the general insect population
was reflocted in the increase in both number and welght of tubers produced. Bald
and Helson (1944) found that the yield of infected plants was approximately
proportional to the amount of leaf area left undamaged by Gnorimoschema larvae.
Hofmaster (19449} and Lioyd (1931) also suggested that control of Gnorimoschenu
in the tops should result in increased yvields. Maximum increases in yield, apart
from a greater percentage of souncd tubers following pest condrol m the tops, gan
he expected to oceur when the initial DDT application is made in the early stages
of crop development.

Timing and Rate of Application.—Caldwell {1946) recommended that DDT
treatment should commence with flowering, while Lioyd (1951) recommended
application at the first sign of pest activity.

In the 1948 and 1950 experiments, DDT applied at the first indication of
pest activity and followed by further applications as required was effective in
preventing folinge injury for the greater period of crop growth, thus allowing
maximum tuber development. Treatment applied late in the life of the erop may
destroy populations before harvest but does not prevent folisge damage and its
effect on yield. This was shown to be the case with the preharvest treatment in
the 1948 experiment, and to a slight degree with the late treatment in trial 3 of
the 1949 experiment.

Two applications of spray-- the first when plants had only four to six leaves
and the second 10 days later—were sufficient to control the pest during the 1948
experiment, the choek to insect populations and associated stimulation of top growth
being still evident at harvest. In the 1949 experiment, though 1 b, of DDT per
acre was applied at each application, the interval between applications was
prolonged by rain to from four to six weeks and allowed Gnorimoschema to cause
top damage in the interval between spravs and persist in sufficient numbers to
damage tubers at harvest. For the 1930 experiments, three sprays with intervals
of two to three weels between applications gave exeelient control in the tops and
virtually prevented tuber infestation. Tt Is possible that the third application
was not neeessary for additional top protection, though its benefit was reflected
in the greater poreentage of sound tubers harvested.

The vesults for the 1948 experiment were obtained when norimoschema
populations were high throughout the Lockyer Valley, - Hofmaster (1949) foune
that two applieations, 10 days apart, cach applied at the rate of 1 Ib. DIDT per acre,
were sufficient to control leavy infestations. Leaf mine counts in the 1930
experiment suggested that nnder the conditions of the experiment, DDT applied
at the rate of 1 Ib. per acre maintained its effectivencss for at least $wo weeks after
apphication. Cannon (1948} argued that, at the same rate of application, the
interval between treatments may extend up to three weeks.
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Caldwell {1946) recommended three or four applications at fortnightly
intervals, commencing with flowering, For effective top protection, earlier
treatment is generally necessary and it seems that, if DDT is first applied when
populations are low (preferably soon after crop germination), only two {or at the
most, three) applications of DDT are necessary to cope with (morimoschema in
seasons that favour its development. This schedule should be adopted as a routine
meagure, the application of the third treatment being dictated by the likelihood
of further damage hefore harvest,

The Role of Hilling.

No detailed evaluation of hilling methods was undertaken. Lloyd {19438
investigated this point and found that it is necessary to ensure that the soll is weil
thrown up along the rows of plants so that all tubers are adequately covered with
at jeast two inches of soil (Fig. 4). Though hilling is generally adopted by most
potato growers in southern Queensland, the time of its application varies. Many
growers hill their rows at or scon after Howering {Cartmill and Bechtel, 1851}, though
Lloyd {1948) recommended late hilling, up to 14 weeks after planting, when the
tubers are commencing to swell and crack the ground.

Prevention of Tuber Infestation.—Hilling was shown to play an important
part in protecting tubers from Gnortmoschema damage (Fig. 4).- Langford (1633)
was able to reduce tuber infestation from 18-27 per cent. to 3-5 per cent. by hilling
alone, while Lloyd (1950) gave the figoves 14-9 per cent. for unhilled and 4-2 per
cent, for hilled plants. In trial 2 of 1950, tuber moth infestation was reduced

Fig, 4,

Potutoes Effectively Hilled Agnaingt Tuber Infestation by
Gaorintosehicma opereulella (Zell),
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from 11-6 per cent. to 1-3 per cent. by late hilling, this difference being significant
at the 1 per cent. level. Despite insecticidal applications, populations are not
always entively destroyed and some tuber infestation will occur in unhilled crops.
Hilling, apart from controlling weed growth, seals cracks in the soil and, if properly
applied, effectively checks Grorimoscheme damage until the erop can be harvested.

Hilling proves exceedingly beneficial if harvesting is unavoidably delayed.
"This effect was shown in trial 2 of the 1949 experiment, where a significantly lower
infestation was still evident in late hilled plots despite major tuber moth activity
over the experimental avea following a delay of almost three weeks in harvesting.
Hilling was responsible for even greater differeuces in tuber infestation in trial 3
of the same experiment, though only a slight delay in harvest had oceurred.

Despite well formed hills, varieties such as Sarenac and Sebago that produce
their crop on elongated stolons often have a percentage of their tubers either
wholly exposed or only lightly covered with soil after the hills are formed. Hilling
cannot be expected to climinate tuber infestation entirely in these varvieties, and
appreciable damage may ocour if harvesting is delayed.

Evidence was obtained (trial 2 of 1949 and trial 2 of 1950) that first grade
tubers are less subject to infestation than tubers of smaller size. The majority of
first grade tubers are formed carly and thus are found deeper in the soil, Chats
are formed later in the sequence of crop formation and lie close to the soil surface ;
they are protected from Gnorimoschema damage only if a perfect hill is {ormed.
First grade tubers provide the bulk of the total crop produced, and the benefit
derived from hilling is further appreciated if other grades arve left out of
consideration. ' ’

Influence on  Yield.-—The results from these experiments suggest that a
definite time interval between planting and hilling is desirable if the operation
is not to interfers with yield. The early hilling treatment was applied soon after
flowering, at a time when many tubers were being formed, while late hilling was
designed o avoid this important peried of crop formation. Often those treatments
could not he applied at the intended time, due either to rain or to other unavoidable
causes. A summary of the relevant data from the various experiments {Table 9)
shows the relationship between time of hilling and tuber yield, '

Disregarding varietal effects, hilling reduced yield when applied soon after
flowering, or within 10 weeks of planting. Beyond tbis time intervel, damage
decreased until no depressing effect was apparent after an interval of 15 weeks.
It would appear that early hilling, wnder certain circumstances, interferes with
the formation of the tubers, but it is also likely to retard tuber development by
temporarily checking plant growth.

Lloyd (1850} recorded a loss of up to L0 per cent. by weight due to hilling
alone, and this finding was supported by these experiments (cf. trial 2 of 1949).
The extent of the damage incurred depended ot only on the age of the erop when
hilling was carried out but also on the variety of potato being hilled. Hilling
depressed the yield of Factor when applied up to 11 weeks after planting, but this
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Table 9.

Dara Soowiva Revaviossuie Brrwiex Tive or HILLING AxD YIRLD.

Early Treakment, : Late Treatiment.

P~ . . S,
Yaricty. ! | Percentage decrease in tuine ! ! Pereenlage decrease in tuber
{ Weeks after | Loyl i Weeks after ¥ield.
1 platinge, |._____..... R — jHaTibing, |
) Nuwbwr, Weight. i Nwmbher. ‘ Woight,
- - .—vw . ;\_., - i I wwwwww
1948 feperinent.
1. Sebago ! .- | .. : . : 13 ! .. | .
2, Barenac 8 ; 137 1 ¥E : 1L ' 24% | 4%
3. Factor | s b n: . o ; ot
19530 FHeporiment.
1. Bequoia i : - ! .. : 13 ! .
3 i i : ! . =4+
;. Scl)ago | 10 | 21t : 1] 2 ! 3t 7

*ooesigoatl Tholevel; F - osimoat 5 9% level; o= nok simifieant.

decrease was not significant and was recorded for weight of tubers only. Sequoia
showed no apparcnt reduction in yield when early and late hilling were applied
1t and 15 weeks respeetively after planting., Considerable reduction in  both
number and weight of tubers was recorded for the variety Sarenae, though hilling
times corresponded with those for Factor. Despite its application at greater time
intervals after planting, hilling caused more damage to Sebago than to Factor.

Lioyd (1946} suggested that drying out of the soil following hilling was the
main cause of yicld reduction. This would not be an important consideration
heve, as all experiments were grown under irrigation and at no time during crop
development was soil moisture inadequate. Hilling implements, by eutting feeding
roots and mechanically damaging tops, could be expected to interfere with normal
tuber development. Such damage would he reflected largely in a decreased weight
of tubers at harvest.

Reduction in the number of tubers formed foliowing hilling can be directly
associated with the habits of the several varieties grown. Seyuoia and Factor
produced their tubers elose to the base of plants. Both Sarenac and Sebago form
their tubers on long stolons, and tulers were located in the soil up to 10 inches
from the base of plants of the former variety, Hilling implements could be expected
to destroy or damage many tubers of these two varieties.

Time of Application—The spring potato erop in southern Queensland is
wsually ready for harvest in 16 to 17 wecks from the date of planting. From the
evidence obtained (Table 9) it would seem that, to avoid undue erop damage, hilling
should be carried out no earlicr than 12 weeks from planting, though an extension
of this time to 14 weeks, as recommended by Lloyd (1946), would obviate any
possibility of damage to most varieties. If tubers are to be adoquately protected
from Gnorimoschema attack, hilling cannot be delayed later than 14 wecks from
planting. - The increased yield of sound tubers due to hilling alone will more than
compensate for any depression jn total vield that may oecur when hilling is applied
later than 12 weeks from planting.
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CONCLUSIONS.

A schedule of DDT applications is essential for effective control of
@norimoschema in the spring potato crops in southern Queensland, Two (or in
extreme cases, three) applications of spray, each at the rate of 1 b, DDT per acre,
will prevent pest populations developing for the greater period of crop growth and
s0 prevent any check to normal tuber formation and development. Applications
should commence at the first sign of pest activity within the crop and be repeated
at fortnightly intervals. If freatments are properly applied, their cost will be more
than compensated by the extra yield of tubers obtained and the increased
percentage of sound tubers at havvest.

The above schedule of DDT applications will not eliminate or prevent
re-entry of Gnorimoschems populations late in the peried of crop development.
Hilling the plants between 12 and 14 weeks after planting will prevent effectively
any likelihood of tuber infestation in the preharvest period. The hills should be
constructed so that all tubers are well covered with soil and should be maintained
against weathering during late rains or irrigation.

Hilling alone, without early DDT spraying, cannot be expected to protect
tubers from (rorimoschema damage, but can be regarded only as a supplementary
measure for additional tuber protection and as a safeguard agaiost crop reinfest- -
ation or delays in harvesting. TUnlike DDT spraying, hilling does not ensure
maximum yields.

Hilling does not entail any additional cost to the grower, as it is a normal
and long established practice of potato culture in southern Queensland. However,
every offort should be made to achieve corvect timing,

As stated earlier, observation plots were cstablished during the spring of
1951 to demonstrate the effectiveness of control measures recommended against
Gnorimoschema. The recommendations followed were those published in an
extension article (May, 1951) and based chiefly on work conducted during the
previous three years and now reported in this paper. Extremely dry weather
prevailed throughent spring and early sumumer and tuber moth was of more than
usual importance in the area. Crops receiving inadequate DDT applications
suffered heavily from tuber moth attack and poor yields of sound tubers were
recorded., Where insecticidal treatment was applied early and continued in
accordanee with recommendations, tops developed normally. ILate hilling
adequately prevented damage prior to harvest, for less than 5 per cent. of harvested
tubers were infested. These findings support the conclusions drawn from the frial
data presented in this paper.
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