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hydroxide, and potassium carb>::mate did nothing to alleviate osteo
phagia. This of cours-e is quite, in accord with expectation, SInce 
there is no shortage of calcium, magnesium, potassium, or iron in the 
natural vegetation, the analysis of which is so characterized by 
deficiency in phosphorus. Finely ground furnace cinders (60-mesh 
sieve), containing mixed minerals from the ash of coal and wood, are 
,vithout effect. 

Summarizing the data, then, in the light of the behaviour of 
control animals, other mineral salts and compounds poor in phos
phorus are not capable of alleviating osteophagia. Of all the 
materials tested at various tinlels, those rich in phosphorus have been 
found effective and those poor in phosphorus ineffective. 

The data with various foodstuffs given as supplementary rations 
to the cattle may now be pre1sented, but before doing so the tables 
representing administration of pure calcium phosphate, sodium phos
phate, and phosphoric acid may be discussed. 

C}URT VI (ApPENDIX T1BLES 33 TO 38). 

a. Sodium phosphate. 
b. Calcium phosphate. 
c. Phosphoric acid. 
d. Hydrochloric acid controls. 

INFLUENCE OF PHOSPHATE ~-\.S SUCH. 

Pure precipitated calcium phosphate was compared with sodium 
phosphate in order to make quite sure that the base in combination 
with the phosphorus played no considerable part in the reduction of 
ostelophagia, while phosphoric acid itself was given in 'order to 
eliminate the base altogethe1r. As control to the phosphoric acid 
experiments, ,'a batch of cattle were dosed with hydrochloric acid in 
order to take into account the possible influence of aoidity as such. 

The first series of trials represented in Appendix Tables 31, 32, 
and earlier part of 33, need not be charted, since the results were 
vitiated by the effect of the early summer rains upon the natural 
pasture. ~\.s the permanent controls show, the extent of osteophagia 
was rapidly diminishing at this time, and only the later dates need 
therefore be considered. Chart VI, plotted from Tables 33 to 38, 
shows the influence of E:odium phosphate, calcium phosphate, and 
phosphoric acid at the time when the permanent contpols showed 
rapidly incre,asing osteophagia. 
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It is at once apparent that the base in eombination with the 
phosphorus is of little or no consequence. Sodium phosph!ate, calcium 
phosphate, and phosphoric acid all rapidly reduce oste1ophagia, and, 
as the hydrochloric acid controls show, the acidity of the phosphoric 
acid plays no part in the, red uotion. 

In the sodium phosphate experiment (Table 33), it will be noted 
that after discontinuing the previous dosage ion 11th November, the 
extent of osteoph!agia rose rapidly, and that by 15th December 80 per 
cent. of the cattle in the test showed craving for rotten bones. Upon 
then administering 3 oz. of sodium phos,phate, equivalent to 17 grm, 
of phosphoric oxide (Table 10), per head per day, little immediate 
effect was produced, but on raising the dose to 6 oz. the disappearance 
of osteophagia was very rapid, falling from 70 per cent. to 40 per cent. 
in a week and disappearing altogether within a month. 

In the phosphoric acid experiment (Table 36) one lot received 
the dose in the drinking water and the other lot in the form of a maize
meal paste. When administered in the drinking water at the rate 
of 10 C.c. to 12 c.c. (equivalent to 7 to 9 grm. phosphoric oxide) the 
effect was slow and uncertain, the extent of osteophagia :fluctuating 
between 60 per cent. and 40 per cent. all through December. On 
doubling the quantity on 7th January, so giving the equivalent of 
about 18 grm. of phosphoric oxide, the effect was prompt. Osteo
phagia disappeared within a week and did not reappear so long as 
the dosing was continued. The experiment in which 20 C.c. to 25 c.c. 
phosphoric acid, equivalent to 15 grm. to 18 grm. of phosphoric 
oxide, was Inore accurately administered in the form of a maize paste, 
shows reduction of osteophagia from 100 per eent. to 20 per eent. in a 
month, and to zero in two months. 

On discontinuing the phosphoric acid, both curves (Chart VI) 
shoot up at once, and osteophagia redevelops in 60 per cent. of the 
cattle (12 out of 20) within a fortnight. 

In the experiment in which the phosphoric acid is combined with 
lime (Table 35) the osteophagia, rapidly acquired by simple veld 
grazing, was rapidly removed by administration of pure calcium 
phosphate. The 4 oz. given correspond to 45 grm. of phosphoric 
oxide, and although this is in insoluble form, the relatively large 
dose is relatively rapid in effect. 

The hydrochloric acid controls, like the permanent controls of 
Chart 11, show a steadily rising osteophagia curve throughout the 
same period (November to January) and indicate quite clearly the 
character of the veld, and the fact that mere acidity does not alleviate 
osteophagia. 

Appendix Table 34 (not charted) shows a second ealcium 
phosphate experiment in which 5 oz. sufficed to reduce osteophagia 
in four out of ten cattle in a week. On then reducing the dose to 
2 oz. craving continued to disappear in the ensuing fortnight, but 
reappeared in spasmodic fashion thereafter, and could not be excluded 
altogether until the dose was raised to 4 oz. 

It may be mentioned that the experiments under consideration 
were carried out at a time when the extent of vela deficiency was 
Dot accurately known, and were not arranged with the object of 
comparing the" availability" of the compounds used. This question 
of " availability" of phosphorus contained in various substances is 
of considerable practical consequence, however, since it is generally 



considered that bonemeal, or even bone-dust, is only utiliz,ed in diges
tion to tKe extent of about one-fifth, and a more readily available 
phosphate should therefore prove cheaper in practice. The whole 
question is under study at present, but it may be mentioned that 
experiments already carried out suggest that finely ground bonemeal. 
is more readily utilized in digestion than is generally considered to 
he the case. The balance of cost and ease of administration may yet 
decide in favour of bonemeal for regular use, in Rpite of the greater 
availa bility of certain water-soluble phosphates. 

Finely ground rock phosphate has a much lower availability than 
bonemeal, and "Saldahna Bay .Phosphate" is practically useless. 
It is interesting to note, however, that even this latter phosphate, 
containing a very high proportion of aluminium and iron, and very 
refractory, is rendered lllOre effective by conversion into so-called 
"basic phosphate." The accompanying Chart VII, plotted from 
Tables 39 and 40, compares rock phosphate, Saldahna Bay phosphate, 
and" basic phosphate" containing 16 per cent. phosphoric oxide in 
" citric-soluble" form. 

CHART VII (ApPENDIX T.\BLES 39 AND 40). 
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From this Chart VII, and Table 39, it may be noted that 4 oz. 
of imported rock phosphate containing 31 per cent. of phosphoric 
oxide (Table 10), or rather more than that present in 5 oz. of bone
meal, is not so effective as 4 oz. of bonemeal fed at about the same 
time of the year (Chart VI). Higher quantities have not yet been 
tried, but even if rock phosphate can be used, it will not be profitable 
unless effective in moderate amount. So long as its lower cost 1S 
offset by its lower availability, it will not replace bonemeal, since 
bonemeal is greedily eaten by the cattle whereas rock phosphate has 
to be mixed with other food or dosed by hand. Where, as in the case 
of cattle-ranching in the lamsiekte areas, it is not customary to supply 
supplementary foodstuffs, ease of admjnistration of phosphatio 
allowance is an important factor. 

'r he second pair of curves on the left of Chart VII, illustrates 
the difference behveen the refractory Saldanha Bnx phosphate itseH 
and the same phosphate after conversion to " citric-soluble" form. 
The dotted curve shows that 5 oz. of the treated phosphate containing 
16 per cent. of phosphoric oxide, effected a marked reduction of 
osteophagia, whereas 5 oz. of the untreated phosphate is quite 
ineffective in spite of the fact that its phosphoric oxide content iR 
much higher. 
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EFFECT OF FOODSTUFFS OF VARYING PHOSPHORUS CONTENT. 

A number of feeding stuffs were fed at different times in order to 
ascertain the influence of supplementary feeding upon osteophagia. 
Of those utilized, the phosphorus-rich wheaten bran gave the most 
striking results, and the bran experiments may therefore be considered 
first. 

Bran.-The following Chart IX plotted from Tables 41 to 45 
illustrates the general behaviour with bran. 

The two curves to the extreme left in Chart IX, and corresponding 
Table 44, indicate that 4 lb. of wheaten bran containing approxi
matelv 2 per cent. of phosphoric oxide (T'able 10) is sufficient to reduce 
osteophagia rapidly in grazing cattle even during the months of May, 
June, and July, when the phosphoric oxide of the natural vegetation 
is at its lowest ebb. The 4-lb. ration of bran supplies approximately 
0.08 lb. or 36 grm. of posphoric oxid!8, and this alone is sufficient 

CHART IX (ApPENDIX 'rABIJES 41 TO 45). 
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to supply the ordulary requirements per 1,000 lb. live-weight of 
g-razing cattle, irrespective of the moiety they receive from the grass. 
Only in the case of cows yielding milk is the phosphoric oxide of the 
grass then also needed. It is therefore not surprising that osteophagia 
should be rapidly reduced upon such a ration. 

Tables 41 and 42, and the latter part of Table 43, show the influence 
of feeding 2 lb. of wheaten bran per head per day. This quantity 
is also indicated as sufficient to reduce osteophagia, although the 
rapidity of the fall shown in the curves of Chart IX is exaggerated 
by the fact that the cattle used had only recently developed craving 
and that in January and February the phosphoric oxide of the 
vegetation had not yet fallen to its minimum level. The 2 lb. of 
bran contained 18 grm. of phosphoric oxide, and this is shown as 
sufficient for the period of the year concerned. It would be sufficient 
even in June or July when the phosphoric oxide intake of the grazing 
cattle is down to about 11 grm. per" 8 lb. starch equivalent" of grass 
eaten, but at this time the rate of disappearance of osteophagia upon 
a 2 lb. ration would be slower. 

Table 43, and the curve on the right of Chart IX indicate." 
however, that ! Ib of bran (8 to 9 oz.) per head per day is not 
sufficient to reduce osteophagia even in December and January. 
1'his small quantity, corresponding to about 9 grm. of phosphoric 
oxide, is not sufficient to supplement the natural phosphoric oxide of 
the grass, and the osteophagia curve rises much as it does in the 
controls, although its influence is sliown by the retarded rate of 
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development of marked craving; the controls reaching 8D per cent. 
osteophagia by 1st December, as against the same figure on 5th 
January for the batch upon the small ration of bran. The earlier 
fall in osteophagia in October synchronize~ with the natural fall due 
to the higher proportion of phosphoric oxide in the young grass, and 
has therefore no significance. rfhe fall in osteophagia after raising 
the ! lb. ration of bran to 2 lb. on 7th January indicates, quite 
clearly that a supplement of 18 grm. of phosphoric oxide is sufficient 
to meet the deficiencies of the grass of January and February, 
although 9 g'rm. is not. 

The rise in osteophagia on cessation of bran feeding is quite 
clearly shown in all four curves of Ohart IX. In Table 43, the fall 
produced by 2 lb. of bran is immediately converted into a rise on 
stopping the ration on 23rd February. Within a fortnight 70 per 
cent. of the cattle again showed marked craving for rotten bones. 

The data do not allow of very accurate comparison between the 
relative efficiency of bran and bonemeal, but it would appear that 
2 lb. of bran containing 18 grm. of phosphoric oxide is superior to 
3 oz. of bonemeal containing 20 grm. of phosphoric oxide; and hence 
that the phosphoric oxide of bran is more readily utilizable in diges
tion than that of bonemeal. Further data upon this point will be 
offered later, but meantime it is not desired to push the comparison 
too far, since in the experiments hitherto carried out it has not been 
always possible to procure cattle with a similar past history in regard 
to osteophagia. 

Of special interest is the experiment showing the effect of feeding 
maize bran of low phosphorus content in place of wheaten bran 
of high phosphorus content. trable 45, and the dotted curve 
of Ohart IX, show that even the high quantity of 5 lb. of the maize 
bran was inadquate to reduce, osteophagia. "Maize bran has generally 
a lower phosphorus content than wheat bran and South African grown 
maize is generally characterized by low phospnorus. This particular 
sample of maize bran, was, however, picked out on account of the 
unusually low proportion of phosphoric oxide it contained, different 
bags of the consignment varying from 0.23 to 0.47 per cent. The 
average of 0.35 per cent. thus only corresponds to about 0.017 lb. 
or about 8 grm. of phosphoric oxide in the 5 lb. ration given. As the 
data show, it has little or no effect in reducing osteophagia, behaving 
in this respect something like i lb. of wheaten bran. In feeding bran 
as supplementary ration to reduce osteophagia, the character of the 
bran in regard to phosphorus content must therefore be carefully 
a ttended to. 

It must also be remembered that whenever a supplementary ration 
is fed, which, as in the case of bran, is itself a food, there is a corres
ponding reduction in the amount of natural grass eaten by the cattle. 
With this comes a reduction of the natural intake of phosphoric oxide, 
so that in comparing foodstuffs fed in widely varying quantities the 
quota of phosphorus supplied by the supplement has to be considered 
along with the varying quota derived from the veld. This point is 
of little consequence where a small supplement rich in phosphoric 
oxide is given, but comes out more clearly when large quantities of 
foods of high calorific value, but of only moderate phosphorus content, 
are supplied. In the section coming next under discussion it will be 
observed that maize, even in large amount, is of very little value in 
reducing osteophagia. 

14 
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OTHER FOODSTUFFS. 

In reO'ard to the effect of other foods in reducing osteophagia: 
it may beo mentioned that quite a variety were tried, but that since 
some of the experiments were unconsciously commenced at a period 
of the year when osteophagia was about t? experience its 1'!-atura.l fall, 
they are of little value. Only those whIch supply definIte eVIdence 
need therefore be charted. In any case, now that phosphor~us has beeh 
nailed down as the primary factor involved in osteophagia, it is 
possible to deduce the influence of lnost foods from their analysis . 
. A few of the actual records may be offered, however, asillustratillg' 
how well the earlier experiments fit the ultimate conclusions. 

Chart X plotted from tables 46 to 54 gives data concerning 
spineless cactus, maize, beans" and lucerne hay. 

Spin,eless Cactus.-T'his was fed early in the investigations in 
order to ascertain whether the supplementing of the old dry grass 

CHART X (ApPEJSDIX rrABLES 46 TO 54). 

il, 7J. Maize, 3 lh. daily. 
o. Maize, 5 lb. daily. 
d. Maize and 1 ucerne hay. 

e,;: 8pinele-s cactllS. 
g. T,ucerne hay, 10 lb. 
k. Beanmeal, 2 lbs. 
i. Lucerne hay and Pretoria veld-hay (kraaled). 
k. Lucerne hay. 

with a succulent food would itself reduce osteophagia. The cattle 
. were allowed spineless cactus ad libitum, hut did not eat so much as 
was expected, contenting themselves with between 20 and 30 lb. per 
head per day. T'he data are given in Appendix rrable 46, and drawn 
as dotted curves in the centre of Chart X. In July and August, 1919, 
a mixed lot of cattle showed an increase of osteophagia in grazing 
over the veld in spite of the ration of spineless cactus. No influence 
upon ostBiophagia was therefore exerted. This is easily understood 
now, when it is considered that spineless cactus contains over 92 per 

,cent. of water, and that the" dry matter" o't the quantity eaten by 
the cattle only corre1sponds to about 2 lb. p8r head per day. In phos
phorus content tliis does probably not exceed the 9 oz. of wheaten 
bran fed in the experiment already discussed, and already shown to 
be inadequate. Mere" succulence" of vegetation is ther8lforeof 
little account. 

Beanmeal.-When fed at the rate of 2 lb. per head per day 
(T'able 49), beanmeal may be regar.ded as accelerating the natural fall 
of osteophagia for the petriod under considerat~on, but it would 
probably prove ineffective in reducing craving at a time when this 
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"vas naturally rlSIng. It was not Qonsidered worth while repeating 
the experiment when the available cattle were so ur"gently wanted 
for other experiments. The phosphoric oxide content of the consign
ment lof beanmeal used was 0'.72 per cent., and thel sample may there
fore be equivalated to about one-third of its weight of wheaten bran. 
Beanmeal may therefore bei regarded as incidentally useful if ge:r;t.eral 
supplementary 'feeding for other purposes is being undertaken, but of 
little value if the chief objective, is reduction of osteophaQ'ia. 

It may be added that, in general, supplementary feeding of cattle 
on these areas is not practised. rrhe areas are used to rear cattle and 
the animals are expected to shift as best they can for themseh-es, and 
make the grazing cover their requirements even when it is of low 
quality. 

Maize.-From Table 47 and the relevant curves on the chart, it 
is apparent that 3 lb. of maiz.e per head per day is not effeotiv.) in 
reducing osteophagia, although it may to some extent retard its 
deyelopment. In the case of Lot 1, Table 47, the percentage of cattle 
showing osteophagia did not fall bellOW 80 per cent., and actually rose 
to 100 per cent., even when the ration was raised to 5 lb. -With Lot 2, 
40 per cent. of the cattle showed osteophagia when the experiment 
was commenced on 15th May, and the fluctuation over the ensuing 
nine we8ks of maiz.e feeding is relcorded as between 30 per cent. and 
60 per cent. Since, however, the craving Iiose to 80 per cent. three 
weeks after discontinuing the maize ration, the supplement may be 
regarded as delaying the development of osteophagia. Table 48 must 
be ignored since the recorded fall in osteophagia synchronizes 
with the natural fall due to change in character of the pasture. In 
the upper half of T'able 53 little, if any, effect is indicated as resulting 
from a daily rationo'f 5 lb. of maize per head per day. After six 
weeks of feeding, four out of the five cattle in the test still showed 
marked craving. 

The 00nsignments of maize' used in these experiments varied in 
phosphoric oxide content from 0.42 to 0.52 per cent. (T'able 10). 
T'hree to fiv8 lb. therefore supplies from 0.013 to 0.0'26 lb., or .only 
from 6 to 12 grm. of phosphoric oxide. Owing to its high calorific 
value, however, maize does not supplement the natural grazing even 
to this extent. Its high feeding value tends to reduce the extent of 
natural grazing in such a way that the natural phosphorus so lost to 
the animal is not much more' than compensated for by the maize 
itself. This interesting point may be made clearer by considering 
the phosphorus content of maize in relation to its callQrific value or 
"starch equivalent." Thus ID lb. of maize would bel theoretically 
sufficient to supply the 8 lb. starch equivalent assumed as necessary 
for grazing animals per 1,000 lb. live-weight. But if this, as with 
some of the samples under considetration, only contains 0.42 per cent. 
phosphoric oxide, only 19 grm. is supplied to the animal. This in 
itself is regarded as less than the animal requires" and hence such 
maize is in itself deficient in phosphorus. Although therefore at first 
sight it may seem surprising that liberal maize feeding has no effect 
upon osteophagia, a little consideration shows that the results recorded 
are in accordance with theorv. and that no marked reduction in oste1o
phagia could be expected, "however much maize were fed. This 
applies to the general run of South Afric1an maize, which is known 
to below in phosphoric oxidel , containing generally not more than 
two-thirds lof the amount. present in Eur.ope~ll samples. 
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The early,maize-fee,ding experiments thus offer a neat corrobora
tion of the' view that osteophagia is directly due to phosphorus 
deficiency, although o.f course the later dosing experiments with pure 
phosphoric acid are more decisive. 

Lucerne-hay.-Tiables 50, 51, and 52 show that luceLrne-hay has 
little or no effect in reducing osteophagia. In Table 52 osteophagia 
is shown as increasing in spite of a supplementary ration of 6 lb. of 
lucerne-hay, whilel Table 51 {and the upper part of T'able 50 show 
continued craving in spite of an allowance of 10 lb. per head per day. 
The corresponding curves of Chart X illustrate the behaviour at a 
glance. 

In regard to the amount of phosphorus in the lucerne-hay, 
it may be stated that this roughage, as is so often the case 
with South African-grown produots, was rather poor in phos
phoric oxide, although much richer than the veld vegetation 
itself. The material used in the 1919 experimelllts contained 
0.54 per cent. of phosphoric oxide, while the 1920 supply 
contained only 0.37 per cent. In the experiment recorded in 
T'able 50 the 10 lb. of lucerne-hay therefore contained 0.037 lb., or 
ab"out 19 grm. of phosphoric oxide. It might be considered that this 
should have been sufficient to ~upplement the natural grazing, but 
when the low phosphorus-content of the latter for the winter months 
of experiment (April, May, and June) is taken into consideration, 
together with the fact that the lucerne-hay ration displaces m10re than 
its own weight of natural veld grazing, the results are not surprising. 
If in addition to the 10 lb. ration of lucerne-hay the cattle be assumed 
to eat about 15 lb. of "dry matter" in the natural grass, the total 
intake of phosphoric oxide only works out at about 23 grm. It has 
already been estimated that more than this quantity is required for 
prevention of osteophagia, and hence the fact that no diminution in 
extent of osteophagia occurred on the lucerne rati10n finds a natural 
explana tion. 

With regard to the behaviour of the kraaled cattle represented in 
the lower half of T'able 50, amongst which osteophagia was slowly 
reduc2d upon a ration of 10 lb. of lucerne with Pretoria hay ad 
libitum, little need be said. The Pretoria hay contained 0.17 per cent. 
of phosphoric oxide and the lucerne,-hay 0'.37 per cent., the mixture 
supplying approximately 30 gnn. of phosphoric oxide per 1,000 lb. 
live-weIght, or above requirements fo.r preventi10n of osteophagia. 
'Ihe interest of this experiment lies in the fact that wnen Pretoria hay 
of 0.17 per cent. phosphoric oxide was made to tiake the place of the 
natural grass of 0.08 per cent. phosphoric oxide (by kraaling the 
animals and so excluding veld grazing). osteop,hagia was nbt main
tained, but after three mo.nths disappeared in three out of four cattle 
in the experiment. Trials in which Pretoria hay has been fed as sole 
ration indicate that a poor hay of 0.16 per cent. phosphoric oxide 
tends to keep animals in a ~tate of equilibrium in regard to osteo
phagia. If osteophagia is already pronounced it may disappear with 
some animals after prolonged feeding. while with othe:r animals it 
may be maintained for at least five or six months. On the other 
hand. osteophagia did nlot develop with suc)J. a ha,y in animals w4ich 
showed no craving at the beginning of the erxperiment. Hay of this 
phosphorus-content is therefore regarded as on the border-line of 
phosphorus sufficiency. If}t is of low general feeding value 0.16 per 
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cent. of phospohric loxide is sufficient, since the cattle then have to 
consume enough to ensure an adequate! total phosphorus intake. If, 
on the other ha~d, it is ?,f moderately high-feeding value the intake 
would not provIde suffiCIent phosphorus, and osteophagia w10uld be 
expected. Thus, if a hay containing 0.16 per cent. of phosphoric 
oxide had a starch equivalent of 20, the amount required to supply 
"8 lb. starch equivale.nt" (for animals of 1,000 lb. live-weighty 
getting the exercise involved in grazing) would be 40 lb. This would 
supply 29 grm. lof phosphoric oxide, or rather more than sufficient for 
bare maintenance and for exclusion of otjieophagia. If, on thf-' other 
hand, the hay were of better quality, with a starch equivabnt of 301 

the amount ingested would only he 24 lb. 'r.he phosphoric oxide 
would then only be 19 grm., and we would expect a slow development 
of osteophagia, especially in animals with a past history of hone
eating and which therefore "know the trick." 

il1ixed Ration of jJfaize and Lucel'ne-hay.-1'his mayor may not 
reduce osteophagia, according to circumstances. T'able 54 of the 
Appendix shows that it can, although Lot 2 of Table 53 shows that 
it does not always do so, and illustrates the fallacy lof imagining that 
any supplementary ration will reduce craving. Although the fact 
was not fully recognized at the time the experiments were initiated, 
it is now clear that the behaviour depends upon the gross consumption 
of phosphorus in the diet, and upon the "availability" of that 
phosphorus. In practice, however, a supplement of this character 
is not practicable, since the amount required is so high that the cattle 
begin to approach stall-feeding conditions. T'he farmer of the areas 
concerned of course looks to the veld to supply the "fdod" of the 
cattle, and although he may be prepared to allow his stock a small 
ration of bonemeal, he is not prepared to supplement their general 
nutrition in any extensive fashion. 

Sod1:1lm, Oa:alate and Calcium H yrdl'oxide E();pel'imlent.-This 
experiment, recorded in Tables 55 and 56, is mainly of theoretical 
intereist. but may be mentioned at this point as linking with the 
question of availability of phosphorus during digestion of food. At 
the time of the earlier feeding €xperiments with lucerne-hay the 
factor of re,lative displacement of natural veld grazing on different 
suppl,'mentary rations was not taken fully into account, and it was 
therefore a little disconcerting to find that a high ration of lucerne
hay with a moderate phosphorus-content was not effective in reducing 
osteophagia, whereas a low ration of bran with a high phosphorus
content was effective. T'en lb. of lucerne-hay containing 0.31 per cent. 
of phosphoric oxide supply the same amount of phosphorus as 2 lb. of 
bran containing 1.8 per cent., but the effect in reducing osteophagia 
was found to be vastly different. This is now explained by the fact 
that the large rati'on of lucerne-hay reduces the extent of veld grazing 
much more than the smalJ ration of bran, and hence partially reduces 
the natural intake of phosphorus at the same time as it supplements 
it. But at the timel of the earlier experiments it was considered 
possible that the ratio of lime to phosphoric oxide in the two products 
might effect the relative ease with which the contained phosphorus 
was absbrbed during digestion, and t,yo experiments were therefore 
instituted in a tentative attempt to throw some light upon the 
question. In one, lime was mixed with bran, in amount sufficient to 
combine with its phosphorus during digestion, in order to ascertain 
whether such a procedure would lower the efficacy of the bran in 
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reducing osteophagia. In the <)thsr, grazing cattle were \dosed with 
sodium oxalate in considerable daily amount with the idea of render
ing the phosphoric oxide of the vegetation more available during 
digestion by fixing the calcium of the food as the highly insoluble 
oxala.te. A quick ending of this experjment by the poisoning of cattle 
would of course have answered one part of the question out of hand. 
It is therefore interesting to record that in a preliminary test cattle 
were found to tolerate astonishingly high doses of sodium oxalate. In 
the experiment itself it may be noted from the upper half of Table 55 
that the cattle tolerated 30 grm. of sodium oxalate every day for a 
month, followed by 50 grm. every day for a fortnight. In considera
tion of the generally accepted view that the soluble oxalates are highly 
poisonous, it ]s p:r'ovisionally legitimate to conclude that the oxalate 
was not absorbed as such, but partly decomposed by bacterial action 
and partly combined with calcium of the' food and excreted in the 
faeces as insoluble calcium oxalate. In regard to the original inten
tion of the experiment, it "vas soon realized that the phosphoric oxide 
in the grass was so low that even a considerable increase in its ;, avail
ability" could not be expected to reduce osteophagia, and the test was 
therefore abandoned. 

CHART XI (ApPENDIX TABLES 57 AND 58). 
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In regard to the former experiment, T'able 56 shows that no 
influence was exerted l1Y the calcium hydroxide during digestion of 
the phosphorus compounds of the bran. 'Osteophagia disappeared in 
five out of the six 'animals in the experiment within a fortnight. 

EFFECT OF SEMI-STARVATION UPON OSTEOPHAGIA. 

The observation that animals in poor condition are less susceptible 
to lamsiekte than those in go'od condition is an old one, and before 
the significance; of osteophagia as preeursor to ingestion of toxin was 
eleared up, it was an observation' very difficult to explain. In the 
eourse of the work at Armoedsvlakte, however, it was frequently noted 
that as cattle, fell !off in condition osteophagia became less acute. The 
data suitable for tabulation in this direction are few, but an experi
ment bearing directly 1!pon th8 point is offered in Appendix Tables 
57 and 58. Although the number of cattle used was not large, and 
the r.esults not so clear cut as they might be~ the protocols are of 
suffiCIent interest to offer in t.he form of a chart (XI). 

The experiment was carried out in kraals with twenty half-grown 
" marked cravers " taken from the veld. The lot was divided into 
two batches, one put on to a moderate ration of 12 lb. of Pretoria 
hay and 3 lb. maize, the other upon a semi-starvation ration of 6 lb. 
hay and It lb. maize. Each batch was again divided, five of the 
animals upon the full ration being supplied with calcium phosphate 
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in amount (Table 58) sufficient to bring the total phosphoric oxide 
up to 25 grm., or just over the estimated minimum requirements of the 
particular cattle concerned. 

It was thus hoped to ascertain the influence of semi-starvation 
upon osteophagia under conditions of both slow and rapid reduction 
of craving . Unfortunately the number of animals in each test (five) 
was too small to bring out neat results, and the ration not well adapted 
to empha,sise extremes. If Annoedsvlakte hay instead of Pretoria hay 
had been available at the moment, and the semi-starvation ration 
more drastically reduced, still clearer results might have been 
achieved. The weight of the animals was only 500 to 700 lb. and 
they did not fall off in condition so fast as was anticipated. N ever
theless the general trend of the data is quite clear, and serves to 
illustrate the unrecorded observations upon the other cattle. On the 
simple semi-starvation ration, osteophagia disappeared completely in 
three weeks, returned in one animal out of the five for a few weeks, 
and then disappeared altogether, thus showing complete reduction of 
craving in eight weeks on the low diet. The corresponding batch on 
twice the amount of the same ration, and incidently therefore on 
twice the absolute daily intake of phosphorus, fluctuate between 80 
per cent. and 20 per cent. osteophagia; but even on 14th June, a 
month after craving had completely disappeared in the underfed 
batch, three out of the five still showed marked craving. With the 
two batches which received an equal daily intake of phosphorus, by 
addition of different amounts of calcium phosphate, the trend is the 
same. rrhe half-starved batch lose their eraving about a month 
sooner than the better fed lot, although owing to the added phosphate, 
Iour out of the latter five had lost their craving by 14th June (Table 
58), as against only two in the similarly fed hatch receiving no added 
phosphate (T'able 57). 

It may be added that a falling off in condition due to causes 
other than diet has a similar effect, and that temporary indisposi
tion, diarrhoea, or even the upsetting influence of a railway journey, 
may effect temporary disappearance of osteophagia. Cattle soo~ 
recover their craving, however, as soon as the temporary disturbance 
wears off. 

ARTIFICIAL PRODUCTTON OF OSTEOPHAGIA. 

An experiment bearing directly upon the main theme ()f 
phosphorus deficiency as cause of osteophagia, but carried out away 
from the lamsiekte area itself, is of special interest in showing that 
osteophagia can be induced by feeding upon a ration low in phosphorus 
independently of veld grazing. Cattle were tested for osteophagia 
at Armoedsvlakte and then dispatched to Pretoria. After pre
liminary removal of craving by feeding upon a mixed ration, these 
cattle were fed in bare kraals, upon a ration of chaff and Fanko in 
equal proportions by weight. The chaff was itself of relatively low 
phosphoric oxide content, but in order to reduce t:he absolute intake· 
as low as possible and at the same time raise the general feeding 
vwlue of the ration, "Fanko/' a breakfast food consisting of the 
rolled endosperm of maize, was used. The original chaff selected 
contained 0.11 per cent. phosphoric oxide, and the Fanko 0.9 to 0.12 
per cent. Unfortunately it was found later that some of the bales of 
chaff contained a higher proportion of phosphorus than others, rising 
in the extreme case to 0.27 per cent., and the ration therefore fluctuated 
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rather more than intended. Nevertheless the average daily intake 
of phosphorus was kept sufficiently low to produce osteophagia with 
ease. The cattle were started off at 5 lb. of chaff and 5 lb. of Fanko 
per head per day and given more or less from day to day, accOI·ding 
to the completeness with which the ration was consumed. Calculated 
per 1,000 lb. live-weight, the daily intake of phosphorus varied between 
6 grm. and 10 grm. of phosphoric oxide per day. The maximum 
daily ingestion of phosphorus was. therefore approximately what it 
would be upon the lamsiekte areas during the worst months of the 
year. 

The protocols are given in Appendix Table 59 and may be offered 
as Chart XII. 

From the chart or corresponding Table 59, it will be noted that 
at the commencement of the experiment on 26th June all ten cattle 
showed osteophagia, but that this rapidly disappeared upon the mixed 
r'ation (2 lb. bran, 2 lb. Inaize, with hay ad libitum). One animal 
(4107) showed a very persistent craving and still displayed osteophag~a 

CHART XII (ApPENDIX 'l'ABLE 59). 
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{(, Mixed ration. 
b. Chaff and fanko. 
c. Chaff and fanko and phosphoric acid. 

at the end of September, long after craving had disappeared in at 
least eight O}lt of the ten cattle. The ration was then changed to the 
phosphorus-low synthetic ration. The osteophagia immediately 
commenced to return, appearing in four animals within a month and 
in seven within three months. By the end of June nine showed 
craving, but it is intere,sting' to note that the tenth did not develop 
the bone-eating habit even after continuing the phosphorus-low ration 
until the middle of May. Apparently an occasional animal does not 
react to phosphorus deficiency by developing the desire for bvnes, 
behaving in this respect, as already suggested, like SheeT) or horses 
which do not develop osteophagia upon the natural lanisiekte 'Veld 
although exposed to the same conditions as grazing cattle. 

From 25th May all ten cattle were dosed with 30 c.c. of 
phosphoric acid, equivalent to 22 grm. of phosphoric oxide, diluted 
and given in the form of maizemeal paste. The rapid fall in 
osteophagia, reaching zero in five weeks, shows quite clearly that the 
previous development of craving was d1J.e to phosphorus deficiency 
and not to any other type of deficiency of which the synthetic ration 
Inight be accused. This point is worthy of special mention, since 
according to accepted standards, the chaff-Fanko diet was low in all 
three of the known accessory food factors or "vitamines." It is 
also worthy of mention that although both the calcium and the 
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phosphorus intake was exceedingly low during the serven months of 
the experiment, no bone lesions (of rachitic or any other type) were 
noticeable. These points are of special interest in regard to mineral 
metabolism and vitamine requirements of cattle. They will be 
dealt with in more detail in later studies. 

Suffice it, for the present, to emphasise that osteophagia as such 
appears to be a simple reflection of phosphorus deficiency. 

VELD VEGETATION AND SOIL AT ARMOEDSVLAKTE. 

The character of the vegetation of the lamsiekte areas has already 
been dealt with in special reference to its extraordinary low content 
in phosphoric oxide. A systematic study of soil in relation to vegeta
tion and "bo osteophagia is now in progress, but it is of present interest 
to recall the earlier data of J uritz, as published in his study of the 
soils of the Cape Colony, and to refer in particular to the analysis 
of four samples of Armoedsvlakte soil carried out for us by Dr. 
Marchand, of the Division of Chemistry, and quoted in Table 6l. 
Reference to the analysis shows that they are all characterised by low 
phosphorus content, the total phosphoric oxide ranging from 0.03 per 
cent. to 0.12 per cent. and the" available phosphoric oxide" from 
0.0005 per cent. to 0.0022 per cent. (Dyer's method). The [oweI' 
figures are more characteristic tha.n the higher figures for the general 
Roil or the farm, and it is of special interest to note again how 'low the 
phosphorus in the vegetation (Table 8) can fall on this phosphorus
poor soil of an area arid except for the summer rains (Table 7). 

The soil is shallow, varying from actual outcrop of dolomitic 
limestone to an occasional depth of several feet. From a mechanical 
point of view it behaves like a free-working loam, but owing to its 
shallow and irregular depth, and the long period of drought, little of 
it ever comes under the plough. 

On dressing with phosphatic manures, a practice rarely if ever 
carried out in the district, owing to the low value of the land and 
the uncertain incidence of the rainfall, the dominant lack of 
phosphorus is reflected both in the density of the vegetation and in 
its phosphoric oxide content. Amanuring experiment in relation to 
osteophagia, directed by theoretical rather than practical considera
tions, was carried out in 1919-20, and the results are of considerable 
interest. One camp was dressed with high-gTiade superphosphate 
containing 17 per cent. of water-soluble phosphoric oxide; and 
another with garden fertilizer containing 14 per cent. of water-soluble 
phosphoric oxide, 4 per cent. of nitrogen, and 3 per cent. of potash; 
both at the rate of 500 lb. per acre just after the first October rains 
jn 1919. In 'May, 1920, these camps were tested against a control 
unmanured camp, by introducing a batch of ten" reduced cravers " 
and ten marked er'avers into each. From the" permanent controls" 
(Chart 11 or Table 5) it will be noted that osteophagia was acute 
over the general veld area at this time, while in the unmanured camp 
the extent of osteophagia in the "reduced cravers" admitted on 
17th May (Table 62) rose with extraordinary rapidity-from zero to 
80 per cent. in a fortnight. In the manured camps, on the other 
hand, the extent of osteophagia remained low with the "reduced 
cravers," and practically disappeared in the "marked cravers" ill 
from one to two months (Tables 63 and .64). 

Chart XIII, plotted from Appendix 'rabIes 62, 63, and 64, 
illustrates the disappearance of osteophagia in the" marked cravers " 
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on being transfened from, the natural veld to the manured camps, 
in contrast to the development of osteophagia amongst "reduced 
('ravers" in the unmatured camp. 

'rhese curves leave no doubt whatever about the fact that heavy 
phosphatic manuring can so alter the veld as to eliminate osteophagia, 
and it is interesting to note the actual alteration in phosphorus content 
of the grass in the camps concerned. From Table 10, in which the 
analysis of the grass of these camps is recorded, it may be noted that 
the mature grass of manured camp A (superphosphate) shows 0.30 per 
Ctmt. of phosphoric oxide; of" manured camp B " (mixed fertilizer), 
0.23 per cent. ; but 10£ the ullmanured control camp, only 0.07 per cent. 
::\fanuring with superphosphate increased the phosphoric oxide of the 
vegetation more than four-fold, thus illustrating the very low level 
of pllOSphol'uS metaholism at which the natural veld vegetation has to 
Inature. 

For the benefit of those unfamiliar with the character of the 
growth on such a veld it may be mentioned that the grasses do not 

CHART XIII (TABLES 62, 63, AND 64) . 
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g:row evenly or thickly, but in tufts 01' clumps surrounded by bare 
patches, representing' a sort of radius from which the tuft draws its 
plant food and its moisture. 

From Table 10, it may also be observed that although the 
phosphorus content of the grass is markedly changed by phosphatie 
manurillg, the low general nutritive value remains much the same. 
rrhe cattle have to eat large quantities of the mature grass, manured 
or ul'manured, ill order to obtain an adequate calorific intake. If 
hom the analyses we estimate the average maintenance intake of 
the cattle as being about 33 lb. per day per 1,000 lb. body-weight 
lH each case, we get an absolute daily ingestion of about 45 grm. of 
phosphoric oxide from Camp A, 34 grm. for Camp B, but only 10 grm. 
for the unmanured Control Camp. Minimum requirements for the 
prevention of osteophagia have already been estimated as about 
21 grm. per 1,000 lb. live-weight, apart from special requirements 
for rapid growth 01' large milk yield, and the curves of Chart XIII 
therefore find a ready explanation in the analysis of the grass. 
In Camp A, the phosphoric oxide is well above minimum requil'e
lnents and the osteophagia curve falls very rapidly. In Camp B the 
phos.phoric oxide is not so far above the minimum and the initial fall 
is slower, although the end result is the same; In the unmanured 
Control Camp the phosphoric oxide in the grass is less than half 
the r'.1inimum requirements, and the extent of osteophagia shoots up 
as rapidly in this campas it shoots down in Camp A. 
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In controlling osteophagia it does not matter how the cattle 
get their phosphorus, provided they get it; whether it be by the 
mouth direct in the form of bonemeal or bran, or indirectly through 
manure applied to the pasture. Direct administration through 
the mouth is cheaper, since heavy phosphatic manuring involves a 
high initial cost exceeding the value of the land itself. But it 
should not be forgotten that the phosphorus administered to the 
cattle is returned to the veld and that in the course of tim.e 
systematic phospnatic feeding will set up a new level of phosphorus 
equilibrium in the soil, whioh may be reflected in a natural reduction 
of osteophagia and an increased capacity of the area to carry vegeta
tion and cattle. The proper way of manuring the lamsiekte soils 
is suggested as lying through the mouths of the cattle. Apart from 
the slow incidental enrichment or the soil as a result of feeding bone
meal, or other appropriate phosphatic compound, to guard against 
lamslekte, there is the important immediate effect upon the condition 
of the animals themselves. A marked improvement in condition, 
sleekness of skin, an air of outward well-being, is noticeable in the 
bone-fed cattle, and it is considered more than likely that the whole 
cost of the bonemeal feeding is offset by the enhanced market value 
of the stock. 

As already mentioned, an investigation into the question of 
phosphorus supply in relation to the growth of young stock and to 
the milk elimination of cows is now being mapped out, which it is 
hoped will yield results of very considerable economic value. 

In concluding the section of this paper dealing with osteophagia, 
a summary of the more important points brought out by the 
experiments may be offered. 

SUMMARY OF MAJ0'R RESULTS 0'F EXPERIMENTS 0'N OSTE0'PHAGIA. 

1. The immediate cause of b'ovine osteophagia is shown tD be a 
deficiency of phQsphorus in the veld vegetation of soils very low in 
phDsphorus-content. Osteophagia, or the practice indulged in by the 
cattle on the lamsiekte 'areas of eating old bQnes or other carrion 
lying ahout the veld, is in itself a minor complaint to which the 
farmer pays little attention. Its main importance lies in the fact 
that it is the pre.cursor to the dreaded "lamsiekte," a disease due to 
the ingestion of toxic veld carrion infected with a toxicogenic sapro
phyte. Although osteopblagia has never been observed to pass over 
independently into a disease with an incidence mortality of its .own, 
it is probably of importance in relation to the rate of growth of young 
stock and to the milk vield of cows. 

2. Osteophagia ca; be produced experimentally by feeding cattle 
upon an artificial ration very ~ow in phosphorus, and again removed 
by the simple addition 0'£ pure phosphoric acid to the diet. 

3. Osteophagia may occur in over 80 per cent. of all cattle grazing 
over a lamsiekte area all through the year, except for thel two 0'r three 
months of spring and early summer while the vegeta.tion is very young 
and relatively rich in phosphoru~. . . 

4. In 1919-20 the phosphOrIC OXIde In the grass of the experi
mental farm Armoedsvlakte varied from 0.6 per cent. in the "dry 
matter" of the young shoots after the first rains down to 0.08 per 
cent., and even 0.04 per cent. in the old dry grass of the late seaS0'n 
(,June). Even while the grass is still green and luxuriant it may be 
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deficient in phosphQric Qxide Qwing to. rapid grQwth under cQnditiQns 
Qf lQW phQspho.rus supply frQm the SQil. The SQil itself may cQntain 
as little as 0.0005 per cent. Qf available phQsphQric Qxide. 

AllQwing fQr increased consumption Qf mature grass by the cattle 
to. CQmpensate fQr lower general llutritive value, the absQlute daily 
intake Qf phQsphQric o.xide frQm the veld is regarded as ranging 
between about 37 gnn, in N Qvember to. belQw 11 grm. in June per 
1,000 lb. live-weight fQr Qrdinary maintenance cQnsumptiQn Qf grass. 
Omitting frQm oQnsideratiQn the special requirements of rapidly 
grQwing yQung stQck and milch cows, the fQrmer figure is well above 
minimum requirements, and QsteQphagia rapidly disappears during 
OctQber and NQvember. The latter figure is far belQw requirements 
fQr the preventiQn of QsteQphagia, and by May Qr June all the eattle 
may show a craving fQr bQnes. Usually, hQwever, frQm 10 to. 20 per 
cent. Qf a nlixed herd do. nQt develQP the bone-eating habit at all, 
behaving in this respect like sheep, whjch, although eXPQsed to. the 
same veld cQnditiQns as cattle, do nQt react in the same way and do. 
nQt develop o.steophagia. 

An intermediate figure Qf abQut 27 grm. Qf phosphQric Qxide in 
the daily cQnsumptiQn Qf veld vegetation is regarded as sQmewhere 
abQut the point at which QsteQphagia can develQP Qr disappear in 
grazing eattle Qf 1,000 lb. live-weight. This is co.nsidered to. represent 
the average minimum requirements fo.r preventiQn QfQsteQphagia. 
No. precise figures can be Qffered, since the minimum will vary frQm 
animal to. animal accQrding to age, sex, and extent Qf absQrptiQn 
during digestion of the total phQsphorus contained in the grass. FQr 
old 'oxen an intake of 27 grm. phQspho.ric Qxide per 1,0'00 lb. bQdy
weight is prQbably mQre than sufficient to. prevent QsteQphagia, while 
fQr yQung cattle and fQr milch cows it is almost certainly to.o IQw. 
To. a certain extent yQung stQck may adjust their pho.sphQrus intake 
by eating a relatively larger amQunt of veld grass in proPQrtion to. 
their weight, but in general they develop osteophagia mQre rapidly Qn 
the natural grazing and lose it mQre slQwly in a phQsphQrus-rich 
supplement than do. Qlder cattle. 

5. The relatiQnship between the' minimum phQsphQrus require
ments for preventiQn Qf 'osteQphagiaand the irreducible minimum 
physiQlogical requirements fQr life and health has nQt yet been wQrked 
Qut. But the fact that cattle can shQW QsteQphagia ror ten mQnths Qf 
every year Qf their lives, and still remain in gQod health and reproduce 
their kind, suggests that osteophagia is manifested befQre the PQint 
at which cQntinuQus draining Qf phQsphQrus from the tissues begins. 

6. A daily allowance, Qf 3 QZ. of sterilized bonemeal per bead 
is sufficient to. maintain QsteQphagia at a very lQW level thrQughQut 
the year. This in itself supplies 20 gTm. Qf phQsphoric Qxide, which, 
-tQgether with the small amQunt supplied by the grass, even at the 
WQrst seaSQn Qf the year, is sufficient to. raise the grass intake above 
the minimum level Qf 27 grm. It is, hQwever, nQt sufficient in all 
cases, and it is not sufficient to reduce QsteQphagia rapidly Qnce this 
has develQped. FQr rapid reductiQnQr craving, 8 QZ. to. 16 ,oz. Qr 
bQnemeal is advised. As SQon a8 osteQphagia disappears on the high 
ration the cattle cQncerned may be switched Qver to. the IQW ratiQn, 

'or in the case Qf milch CQWS to an intermediate ratiQn. 
7. Other phQsphQrus-rich materials, such as wheaten bran Qr 

suitable manufactured phQsphates, are equally efficient in reducing 
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osteophagia, the rate of disappearance of craving being proportional 
to the amount and the" availability" of the contained phosphorus. 

Of the greatest theoretical interest is the fact that even pure 
phosphoric acid, supplied in the drinking-water or mixed with maize
meal into a paste or dosed by hand, rapidly reduces craving, thus 
indicating the specific influence of phosphate as such to the exclusion 
of calcium or other base in combinatioll; at least in so rar as the 
Vryburg farm is concerned. 

Based upon equivalence of phosphorus-content, wheaten bran 
(2 lb.) is regarded as superior to bonemeal (3 oz.), although the latter 
i::; regarded as more readily absorbed in digestion than is generally 
considered to be the case. Bonemeal is superior to rri-ineral phosphate 
in availability, and is also superior in the sens~ that it is greedily 
devoured by the cattle, whereas the mineral phosphate is resented. 
}fineral phosphate is rendere,d more available in digestion by c'Onver
sion into citric-soluble form. The question of the most economlCal 
form of phosphorus compound for practical use has not yet been fully 
worked out, but provisionally the advantage lies with the bonemeal. 

Feeding of bonemeal or other phosphorus-rich material in 
moderate amount is regarded as profitable irrespective of prevention 
of osteophagia. This is due to the fact that cattle can be so brought 
into a better marketable condition and superior state of gene'ral thrift. 
It is 'also regarded as highly probable that phosphorus intake may 
prove to be a "limiting; factor" in the growth .of young cattle and in 
the milk yield of cows. '-

8. Supplementary foods such as maize and lucerne do not reduce 
osteophagia unless relatively rich in phosphorus and fed in uneco
nomical amounts. South Afric1an grovin maize is characterized by 
low pl10sphorus-content, and some s'amples (below 0.4 per cent. phos
phoric oxide) are such that the amount of phosphorus they supply 
may no more than compensate for the concomitant reduction in 
natural phosphorus intake, induced by the partial substitution of a 
supplement of high energy value for the greater weight of veld 
grazing' of lower nutritive value. In any case, however, the cattle 
are expected to find their livelihood upon the veld, and in practice 
supplementary rations can only be afforded in small amount. Such 
supplementary rations should therefore be as rich in phosphorus 'as 
possible. In any given diet it is the percentage of phosphorus in 
relation to the total feeding value which is of account in determining 
osteophagia. Thus for veld vegetation itself the actual minimum 
percentage of phosphoric oxide which must be present in order to 
prevent osteophagia varies with the gen.eral nutritive varue of the 
pasture. The better the pasture the higher must be the peTcentage 
of phosphorus in its dry matter; and conversely, the poorer the 
pasture the lower need be its percentage ,of phosphorus, since the 
cattle by eating more of the poor quality vegetation thereby rais,e 
their absolute daily phosphorus intake. For this reason cftttle need 
not neJcessarily develop marked osteophagia on a veld containing as 
little as 0.16 per cent. phosphoric oxide in the dry matter of its vegeta
tion (Pretoria District), although where it falls below 0.10 per cent. 
(lamsiekte areas) osteophagia would be expected even when the 
llutritive value of the grass is so low that the grazing consumption 
approaches the limit of digestive capacity of the cattle. 

9. Osteophagia can be reduced by phosphatic manuring of the 
pasture, but the initial cost of such a proceening is so high in relation 
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to the low market value of the bnd itself that it can hardly be 
regarded as a practical proposition. Incidental manuring will of 
course slowly occur through c,ontinued phosphatic feeding. 

10. Mineral constituBnts other than phosphorus are apparently 
present in adequate amount in the veld vegetation. Administration 
of salts containing calcium, magnesium, sodium, potassium, iron 
chlorine, and sulphur, do not reduee osteophagia, where,as pure phos
phoric acid alone, dOeS r8duce it very rapidly. 

11. Semi-starvation and sickness of any description decrease the 
degree of osteophagia shown by an animal. 

(For tables to this section see pages 1307 to 1361.) 
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