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[NTrRODUCTION.

Trnemer, Green and Du Toit (1924) first drew altention to a marked
phosphorus deficiency 1n the pastures of such parts of the Union,
as Bechuanaland and the Transvaal highveid. Du Toit and Bisschop
(1929) showed how this deficiency materially  affected  growth,
development, prodaction and reproduction in cattle on the Veterinary
Research Station., ** Armoedsvlakte 7 in Bechuanaland.

Henrici (1938), Du Toit, et. al. (1930-1933) made an extensive
survey of the feeding value of natural pasture grasses in the Union,
and found a phosphorus deficiency to exist practically throughout
the country. In order to prevent the effects of this deficiency,
farmers were advised to supply their cattle with the mnecessary
phosphorus supplement trom the age of weaning (at 6-9 months)
onwards.  DPrior to this age, calves of phosphorus-ted cows usually
show satisfactory growth and development, and since it 15 a tedious
process to dose voung calves with honemeal this lower age limit was
introduced.  For the tiume being the question whether or not
phosphorus supplementation to calves prior to weaning, would be
profitable, was left in abeyvance.

At Armoedsvlakie © a long term experiment has been iu
progress since 1925, in which indigerons females have heen graded
up systematically  with purebred by s of both indigenous and
exogenous cattle breeds. In this experiment 1t was found that the
balfhired calt generation, born out of bonemeal-fed dams, developed
guite satisfactorily up to weaning age, without a phosphorus supile-
ment. The higher bred exogenous calves, that is, the § and I bred
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grades out of bonemeal mothers, did not do so well as the haltbred
calves up to weaning age, and the question whether such calves
would not benefit by bonemeal feeding prior to weaning, had to be
considered.

OpskerT oF THE EXPERIMENT.

The object of the experiment was to ascertain, whether during
the first 9 months of Life, calves of honemeal-fed mothers which run
under open range conditions, will grow and develop more satisfac-
torily when supplied with a phosphorus supplement, than under the
present system of management of the grade herds at ¢ Armoeds-
vlalte *’, 1.e., where no phosphorus supplement is fed to calves until
after weaning at the age of 9 months.

Prax or rie Kxerrisest.

The experimtent was conducted during 1936, 1937 and 1938 at
the Veterinary Research Station, ©° Armoedsvlakte ’’, near Vryburg
.} b bl B tall
Cape Province, where the originul researches of Theiler, Green and
2 tel 3
Du Toit were carrted out 20 vears ago.

A. Frperimental Adnimals.

These consisted of I bred Redpoll calves, born on the Station
out of £ bred, honemecal-fed Redpoll cows, and sired by purehred
Redpoll bulls. These calves were passed into the *° Bonemeal ”” and
““ Control ” groups allernately in sequence of their date of birth
and sex. Table No. I gives details of the experimental animals 1n
each group.

As will be seen tfrom this table, one calf died in each group
and a fwrther calf had to be discharged from the Control group on
account of its dam developing mastitis. The bonemeal and control
aroups, therefore, finally consisted respectively of 9 and 7 ealves.

B. Bonemeal Nwupplement.

The ““ control 77 ealves received no supplement prior to weanming.
From the 27ist dayv of age, (o the end of the test at 480 days of age,
they received 3 oz, of bonemeal per head per day.

The “ bonemeal 7 calves were treated as follows: —

From date of birth to 30 davs old, no supplement.

From 31 days old, to 60 days old, { oz of bonemeal per day
per head.

From 61 dayvs old, to 120 davs old, 1 oz. of honemeal per day
per head.

From 121 days old, to 180 days old, 2 oz. of bonemeal per day
per head.

From 180 days old onwards, 3 oz. of bonemeal per day per

head.
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The very young calves were dosed by opening their mouths
and powring the dry bonemeal into it. At first a few of the calves
ejected some of the bonemeal, hut they all soon hecame accustomed
to this method, which worked quite satisfactorily. When the calves
were older they were dosed according to standard method employed
at the Station, i.e., with moistened bonemeal, by means of a spoon.

C. Mk Rations.

In order to obtain data concerning the milk-production of tne
cows, and hence concerning the milk intake of the experimental
calves, 1t has been necessary to adopt an unusual procedure in all
the experiments at ““ Armoedsviakie ’: Where cows are dependent
tpon the mnatural pasture for their sustenance and receive no
additional production ration, hand-rearing of calves is unpractical.
if the calves are taken away, the cows dry up in about 10-12 weeks
aiter parturition. liven where the calves are reared on their dams,
the average lactation period is relatively short. Bonemeal fed cows
usually do not give more than 2-3 1b. of milk per day after the
30th week of lactation.

The calves are allowed half their mother’s milk. During the
first week they suck the two right teats of the udder and the two left
teats are milked for recording purposes. The following week the
calves suck the left half of the udder and the right half is milked.
Kach Wednesday the whole udder is milked, in order t) estimate
whether the milk from one half, actually represents 50 per cent. of
the production of the whole udder.

For the first 14 weeks (98 days) the cows are milked twice u
day—for the next 16 weeks (up to and including the 210th day)
only once a day. From the 211th day until weaning at 270 days of
age, the calves run with their dams.

D. Calf Management.

The calves were brought to the milking sheds at milking t1mes,
from calf paddocks approximately 10 morgen (+ 21 acres) in extent,
where there was good grazing, shelter and water supply.

E. Body Weights.
Body weilghts were taken every 30 days, from date of birth
onwards until the conclusion of the experiment at 480 days of age.

Y. Pica Tests.

Pica Tests were conducted at intervals of 14 days. The object
was to determine the degree of osteophagia, or craving for bones,
exhibited by the calves. The pica tests were conducted 1n the usual
manner (see Du Toit and Bisschop, 1929) by first allowing the
animals access to a trough containing sterilized rotten bones. Any
animals picking uwp and chewing such bones were marked down as
““ rotten bone ’’ cravers. The remainder were then passed into a
pen contatning a trongh with sterilized  sweet” bones. The calves
which picked up and chewed these were recorded as ‘‘ sweet hone 7’
cravers. Those that chewed neither rotten nor sweet bones were
recorded as ‘ non-cravers .
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G. Dody Measurements.

Body measurements were taken every 30 davs from the dafes of
birth onwards. The well-known Deriaz system was employed. The
measurements taken were:—

(a) ength of body.

(b) Height at v lers.

(¢) ght at hookbones.

(d) Depth of chest.

(e) Width of ¢ st.

(f) Length of 1 p.

(g) Width bets n hookbones.
(h) Width between thirls.

() Width between pinhones.
(7) Length of head.

(k) Width between eyes.

() Heart girth or body circumference.

Dlood Analysis.

i

A blood sample was taker {from each calf at the ages of 30,
(0, 120 and 180 days of age ar analysed for inorganic phosphorus.
Thereafter all the experimental animals ~ere bled for similor tests
once a month from October 1937 to - rch 1938, 1.e. frcm the
approximate average ages of 11 months to 16 months.

1. Histological Studies of Dones.

The experimental programme ¢ ed for rvib-resections at the
costo-chondral junction, of all the experimental calves at the ages
of 90 and 210 days, but on accc 1t of the time required for a
number of these operations, it was decided to select one heifer and
cne ‘‘ tolly calf 7' from each group. These 4 calves were operated
cn in the middle of February and again in the middle of June 1937,
approxinately at the ages of 65 and 180 days. The resected pieces
of ribs were examined histologically to ascertain whether calcification
was taking place normally and at the same rvate, in both groups.

J. Statistical Analysis of Data.

All data were analysed statistically according to ¥i er (1936).
Only such differer~es which proved to be significant m terms of
Fishers P=0-050r =0-01 have been used in arriving at coneclusions.

IV. ExreriMENTAL RESULTS.

A, Body Weights.

Table No. 2, which has been divided into three parts, gives in
Section A the average hody weights of the Bonemeal and Countrol
calves at 30 day intervals from Lirth uwutil 480 days of age.

Yy “Tolly calf 7. A castrated bull ealf. ““ Tollies” are castrated bhull calves
up to the age of 1% months.
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The original experimental progrannne covered the period from
birth 1o weaning. 2t this latter stage, 1t wax decided o continue
the test to 480 davs of age, but in 1e meantime a number of calves

Lad notl been weighed when 300 davs old. The weight column for
this age has therefore been excluded tfrom the table.

The actual differences between the average welghts of the
Tonemeal and control calves are given on the Hilh horizontal line.
Tn lorizontal line No. 6 these differences wre given as percentages
of the control (hasaly weights.  Significant Jdiffercrices are printed
in heavy type and to show the degree of significance either a H or
a 1 hasx been pluced in brackets aliove and to the right of such
significant differences.

Section B gives simitar duta as Section AL for the heifer calves
in the two experimental groups and Section (0 for the follv calves.
The three ages of importance in the test were, fivstlv that at 30 days,
when the bone seal group was pliced upon its phospliorus supple-
ments secondly at 270 davs, when both groups were weaned, and
the control group was placed upon o bBonemeal vation. equal to that
of the bonemeal croup: and thindly at 480 davs, when Loth groups
had recerved an equal phosphorns <upplement for 7 months. and when
the test was terminated.

Section A of  able Neo. 2 <hows that at noue of these ages did
there exist any signtficant difterence in body weight between the
expertmental groups.  Only one significant differcuce ix <een in the
table, 1.e. 1n Mection A af B30 davs. Since, bowever, this sienificant
difference 15 preceded and sueceeded Dy a series of insignificant
diffevences, 1tx appearance ix most difficult to eaplain and does not
appear to he of any biological hmportauce.

o

It appewrs warranted to con-lude therefore that as far as Fody-
weight 15 concerned, the feeding of honemeal (o calves prior to
weaning was without effect.

Sections B oand C of Tuble 2, show that there 1s no sienificant
differences between bounemeal and control Teifers. and  hetween
bonemenl and control tolliex. There 15, however, a very material
difference hetween the (wo sexes at the same age. This aspeet will
e dealt with in o <epurate article.

B. ica.

Table Noo 3 gives the vexnlis of the pica tests for each individual
antmal and Tor euch gronp. ar fortnichtlv intervals, up to 480 days

of age. Three symbols are used -
() A minus sign, — L denotes o non-ceaver,
(h) A cross, x, denoles o votten bone craves,
() A plain eirvele, 7. denotes o sweel bone craver,
The table is divided into two narts. The upper half gives the
piea results of the Lonemeal grc H, the lower half {those for the

control group.  The thick vertical e at 30 dayvs in the upper halt
denotes the bewinning of Lonemeal supplementution to the hon  eal
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group and a similar line in the lower half at 271 days, the beginning
of bonemeal feeding to the control group. In the horizontal line
below each group, are found, the group pica totals for all age points.
In the last 3 vertical columns are found, for each animal and for
each group the total mumber of occassions on which rotten and
sweet bones were eaten and the total craving per group.

The table needs no explanation. The calves of the bonemeal
egroup show a negligible degree of craving. Five out of the nine
animals never craved at all and of the four that did, the worst
(No. 6777), chewed rotten bones only on one occasion and sweet
bones only on 3 occasions, during 34 cousecutive tests. The total
craving for the group amounts to 9 out of a possible number of

306, 1.e. 2-94 per cent.

The total craving for the control group amounts to 88 out of u
possible 238, i.e. 36-97 per cent. This is 12} times as much as in
the bonemeal group. This high degree of pica is, however, not
comnmon to all the calves in the control group. It will be noticed
that although no calves were non-cravers throughout the course of
the experiment, two were practically so. The rest were all marked
cravers., As a group it will be noticed that the degree of pica
increased up to the time when all the calves were weaned, 1+ e. as
long as the animals received no bonemeal. From then onwar  the
pica in the control group, dropped steadily until, for the last 3
tests, only one calf showed craving.

From the data given in Table No. 2 one is justified to conclude—

(a) that in the bonemeal group, the phosphorus supplement
prevented craving : uost entirely;

(b) that in the control group, until weaning age, the degree
of pica, indicative of aphosphorosis, increased steadily;

(¢) that the bonemeal supplement given to the calves of the
control group, from weaning onwards, reduced the degree
of pica to a negligible amount by the end of the test.

C. Body Measurements.

Because all the calves were not measured at 30 days of age,
Table No. 4 does not include data for that age. It gives the average
body measurements in cm. of the calves in both groups, for the
ages of 60, 270 and 480 days. As in Table No. 2, the actual and
percentage differences (in terms of the control measurements) are
given for each age, and significant differences are printed in thick
type, with the degree of significance given within brackets above
and to the right of the significant differences.

It will be noticed from Table No. 4 that no significant
differences were found between the honenmieal and control groups,
in the body measurements, at any of the three ages given. In fact,
although the calves were measured every 30 days, no significant
difference between the 2 groups, was found at any stage duri r the
test and 1t is +herefore, justified to conclude that the bonemeal
supplement ha mno effect upon the body measurements taken,
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. BLlood Analysis.

In Table No. 5 is given the inorganic blood phosphorus in
milligrams per 100 c.c. for each calt, at differ t ages throughout
the experiment. Below each group the group totals and averages,
at the given age, are fouud. Tn the last 2 horizonfal columns the
actual and percentage differences (in terms of the control figures)
are given. Signifieant differences are shown in the usual way.

For reasons already explained no analysis was conducted when
the calves were 270 days old. Unfortunately it 1s, therefore,
impossible to compare the 3 1r-ortant ages of 30, 270 and 480 days.
Nevertheless, the figures in e last horizontal column are most
mteresting. At the age of 30 aays there was no significant difference
in inorganic blood phosphorus between the two groups, although
the average of the control group 1s slightly higher than that of {he
Lonemeal group. At 60 days the difference 1s still not significant
but now the bonemeal group is slightly higher thau the controls.
At 120 days the bonemeal calves show an 1morganic blood phosphorus
content, which 1s 21 per cent. higher than that of the controls. At
180 days this significant difference has increased to 45 per cent. It
seems safe to assume that at 270 days, when the controls were placed
upon a bonemeal ration, the difference would probably have heen
at least as marked as at 180 davys.

The next analysis, at 11 months of age, i.e. after the controls
had been on a bonemeal supplement for 2 months shows a distinct
drop in the percentage difference between the 2 groups.  This
difference, however, remains highly significant. At 13 months of
age, the inorganic blood phosphorus of the controls was actually
significantly higher than that of the bonemeal groups. IFrom this
point onwards there was no difference between the two groups.

Comparing the average P,0, figures for the two groups, it will
be noticed, that after the high figures of all the experimental calves,
up to 60 days (a high inorganic blood phosphorus content is normal
for voung calves—see Green and Macaskill, 1928) the bonemeal group
retains a level of approximately 6 milligrams per 100 c.c. throughout,
while in the control group there is a distinct decline until weaning
age, but from the time when these calves too were placed upon a
phosphorus supplement, the averages show a definite npward trend.

From these figures it 1s concluded, that the bonemeal group of
calves received sufficient available P,0; to maintain a constant level
of inorganic blood phosphorus, as judged by our analysis. On the
other hand the control group of calves probablv did not receive
sufficient available P,0,, and although no confi national evidence
of an insufficiency could be detected, the analysis nevertheless
revealed a drop in the inorganic blood phosphorus. After the control
calves hud also been placed upon a bonemeal supplement, their
inorganic blood phosphorus, rose to a level, equivalent to that of
the bonemeal calves.

In addition it must be emphasized that the average values of
5-52, 4-33 and 5-10 milligrams phosphorus ner 100 c.c. blood of
the control calves respectively at 4, 6 and . months of age, are
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FEEDING OF PHOSPHORUS SUPPLEMENT TO CALVES.

indicative of aphosphorosis. The value 4-44 especially, 1s only just
above the minimum accepted as sufficient for mature cattle, and 1s
therefore rather low for 6 months old calves. This provides evidence,
that the control calves suffered trom a phosphorus deficiency, which
however. was not manifested contormationally.

K. Done IHistology.

The histological examination of the costo-chondral junctions
showed good caleification with long and eclosely knit pri oy
trabeculae, both in the rib-resections taken at 65 and at 180 days
of age. Up to 6 months of age, therefore, the skeletons of the calves
examined were found to be normal in terms of phosphorus. It is
unfortunate that no histological examinations were done on resections
from calves at 9 months of age.

In the vesections taken in June 1937 (180  ys old) the costo-
chondral junctions of calves Nos. 6714 (control group) and 6727
(bonemeal group) revealed the presence of a fibrosis, probably
osteodystrophic 1n nature, which 1s, however, as far as we know,
not associated with aphosphorosis.

V. Discussion.

Nore.—In the discussion of the experimental results the word
“ function ”’ is used in such phrases as  functional efficiency ”’,
*“ functionally subnormal ”’, * functional abnormalities *7, ete. The
reader may interpret the word ° funetion ” as the sum total of an
animal’s physiological manifestations. In the present discussion such
an interpretation is not intended. The actual functions referred {o
are clearly described in paragraplbs () (1) and (D) (2), below.

The results of the experiment show. that in terms of the
experimental criteria emploved : —

(@) The bonemeal supplement had no effect upon growth and
development, i.e. wpon caternal conformation: At no time during
the course of the investigation, either before or after weaning, were
significant differences found between the average body weights or
body measurements of the two groups.

(L) The bonemeal supplement tmproved functional efficiency :
The bonemeal calves, functioned on a higher plane of efficiency than
did the control calves, from the time they were placed upon a
phosphorus supplement, until the control calves too received the
same supplement.

(1) In comparison with the controls, they exhibited practically
1o osteophagia, and showed a higher and much more constant level
of inorganic blood phosphorus up to weaniug age.

(2) From the age of weaning onwards, when the control calves
atso  received bonemeal, the manifestations of a phosphornus
deficiency exhibited by them abated and finally disappeared. Al
the conclusion of the experiment, the control calves were, in terms
‘oflthe experimental criterla, in every way comparable to the bonemeal
calves.
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The experimental results show up an apparent anomalv. At
weaning age the control calves, although conformationally >rmal,
were functionally subnormal. How can subnormal function maintain
normal conformational development? Theiler, Du Toit and  Jdan
(1937) conducted mineral metabolism investigations on pigs. They
found that a group which received an adequate ration, except for
a deficiency 1n phosphorus, showed as rapid a weight increase, as
did the group on a completely adequate ration, for the first 5 months
of the experiment, 1.e. up to a live weight of approximately 140 1b.
This normal contormational dewel{)pment took place notwith nding
the fact, that 4 wmonths after the commencement of the test, the
inorganic blood phosphorus of the group on the deficient ration
aver: :d only 3-65 milligrams P ', :r 100 c.c. as comapared with
39 matligrams per 100 c.c. for the group on a complete ration.

Up to a point, therefore, the deficient skeleton was a : to
support normal *ncrease in body weight. After this limital point
had been passe the phosphorus deficient group showed a rapid
decline in the rate of hodywelght increase in comparison to the
eroup which received phosphates.

It would appear as if, up to « point, the skeletons of growing
animals are able to do with less than their normal mineral require-
ments, and nevertheless function sufficiently well to support normal
increase in body weight and size.

This idea explains the apparent anomnaly encountered in the
experiment under discussion. The conirol calves, although re¢ -ing
a phosphorus deficient diet, had not reached the *“ critical pownt
at weaning age, and therefore, showed no externally determinable
symptoms “of the deficiency, whlch, when removed by subsequent
bonemeal feeding, allowed the arimals to build up the functional
abnormalities back to noral by e time they were 180 days old.

It must be remembered, however, that the calves of both
experimental groups were born ~ut of bonemeal fed cows, and
received, through the millk of  eir dams, quite an appreciable
amount of available phosphates, up to weaning age.

On the average each calf of the bonemeal group received 251
1b. of milk during the 210 day period over which the production
of its dam was recorded. The cortrol calves each received on the
average 1,288 lb. of milk. The d :rence of 37 1b. per calf between
the 2 groups is insignificant. Even if the difference was significant
it would be in favour of the control group.

Uroenewald (1934) gives an average of 0-221 per cent. of total
P,0, 1in bovine milk. Applvmcr this figure to the average milk
intake of all the calves born out of bonemeal fed cows, that is to
1,267 1b., we find that each calf received on the average 258
grammes of total 1,0, in 210 days o1 -00 grammes per head per day.

This amouv=*, together with whatever available P,0; they
cbtained throuy their grazing, was apparently sufficient for the
control group to maintain normal conformational development, and
to maintain functional efficiency, above the *‘critical point’ up
to 270 days of age.

,..
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The two groups of calves ran together in the same paddocks and
received the same amounts of milk. Therefore the fact that +he
bonemeal calves were hoth conformationally and function v
normal, while the control calves, though conformationally normal,
were functionally subnormal, can only be attributed to the extra
phosphates which the former group received from their supplement.
The phosphorus deficiency in the controls was not sufticiently acute
to manifest itself conformationally.

So far we have compared groups of calves born of bounemeal
fed cows, and which received the same average amount of milk from
their damns. lLet us next compare the control group of calves, in
the test under discussion, with a group of otherwise comparable
animals, but born out of non-bonemeal fed cows. To distinguish
the two groups, the former will he rveferred to as the ° bonemeal
control group 7’ and the latter as the  straight control group ”
The data for this latter group have heen obtained from the records
of other expen]nents conducted at ° Armoedsvl: te 7. No heifer
calves and only 3 tollies were found, which were tully comparable
to the ¢ bonemeal control ”" calves, and therefore Table No. 6 gives
the data of these 3 tollies against that of the 4 tollies in the
“ bonemeal control ' group.(*)

The table is divided into sections. In Section I, the weights
for each of the *° bonemeal control »” calves are given monthly from
birth until the end of the test. Delow these weight figures, are
found the average dally amounts of milk cach calf obtained from
1t~ dam, during the preceding month. DBecause milk recording af

< Armoedsvlakte ** takes place only for 210 days, only 7 milk
averages arve given.

Section I gives similar  ta for the ©* straight control ™7 group.
In Section TLI, the actual ditferences in body weight and in milk
<upply between the two groups, are given in the first and third, and
m the second and fourth horuontil lines; these (hﬁmen(es are
given as percentages of the straight control figures. Significant
per(entaoc differences ave shown in thiek print and the (1@01(—‘9 ot
significance indicated in the usual manner.

Section No. IIl of Table No. 6, shows at at bicth the
““ bonemeal control 7 calves, weighed on the average 7 Ih. more than
the ““straight control ™ calves. This difference 1s not significant:
i fact Du Toit and nls\( hop (1929) found, when working with a
much larger number of grade Redpoll 1]\‘6S, that the difference

(1) Eaplanatory Nate by the Statistician.—The small number of animals in
each group, is a serious objection, since the co-cfficient of variation tends to
he higher than thai of large groups. The statistical test of significance requires
that the differcnces between small groups have, i any case. to be much
greater than between large groups, but when coupled with a hich coefficient
of variation these differences have to be even larger. The lack ol significance
in the very large percentage differences in ihe last horizontal line of Sectiou
L1l of Table No. 6 may he explained on this basis. Small groups therefore lead
to fewer significant differences, hut it should be noted that the power of the
statistical amnalysis is such that the significant differences that are obtained.
may be accepted with the same measurc of confidence, attributed to differences
hetween larger groups.
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between calves of bonemeal fed un von-honemeal fed cows, at birth
to be only 1-9 Ib., the respective average weights heing 69-2 1b.
and 67-3 1h.  They fwrther found that where similar figures were
vorked out for four different breeds, the respective average birth
welght for calves of honemeal fed cows was 68-8 1b., and for calves
of non-bovemcal fed cows 68-1 1h.—a difference of only 0-7 1b.

In the table under discussion, the insignificant difference in
live weight at birth soon became significant and inereased until at
weaning age the ' bonemeal control 77 calves weighed 53 1b, or
200095 per cent. more than the “* straight control 77 calves. At 16
months of age this difference had nereased to 159 1h.. or 38-41 per
cent.

In terms of lLive weight, therefore, the development of the
“ostratght control 7 ocalves was subnormal when compared with the
development of the * bonemeal control 77 calves.

It may, however, he argued that the ever-increasing differences
i live weight between the two groups were the result of the tnitial
difference at birth.  In Section No. V. all the weighis have Toen
corrected for the birth difference. Necording 1o RoAL T ers
t1936) 7 Analysis of co-variance technique .1 If now the actual
difference n live weight hetween the 2 groups were but manifes-
tations  of the difference which existed at bivth. all significant
differences should disappear in Section TV, This does not happen.
and 1t s permitted to conclude, that the difference in weioht at
birth was not the cause of the marked differences later on in fe.

What then caused the marked difference in hody weighis hetween
the two wroups?

~

In Section No. V of Table No 4 the weights of the two groups
ot calves, have heen corvected for  flerence in average milk intake
taccording o R AL Fishers” 1936 Analvsis of  co-variance
rechnique 7). and it will be noticed that all significant differences
now fall away. This proves, that the differences in live weights
hetween the ““bonemeual control 77 and ** straight control 77 groups
were caused by the difference in the amounts of ninlk, whiclh they
ool from their dams.

Green (1926), Becker, ekles and Palmer (1927), Groenewald
1934) and others, have shown that, with the exception of fat, the
percentage of which 15 inversely proportional to the amount of milk
produced, therve 15 no significant ditference in the chemical analysis
of the mlk of phosphorus fed and won-phosphorus fed cows.  The
difference in body weights between the *° bonemeal control *° and
“ostraight control 77 calves must therefore he attributed to the stra 1t
quantitative, and not ulso to the qualitative difference of their muk
mtake.

The average milk intake of the Hur ©“ bonemeal control " tollies
which appear in Table No. 6, amounted to 1,278 1b. in 210 davs. 21e
three ' straight control ™ calves each rveceived 782 lb. during the
same period: a difference of 496 1h., or 634 per cent. of the average
“ straight control 77 figure.
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We have seen that both the *° bonemeal >’ and bonemeal control »
calves were born out of bonemeal fed cows. On the average they all
got 1,267 1b. of milk in 210 days. This milk intake enabled them
to develop normally and equally in terms of body weights and body
measurements.  lunctionally, however, the ° bonemeal control -
calves were subnormal until they also received a bonemeal supple-
ment, but their functional efficiency never fell to below the
““ critical point ’. In them an intake of 1,267 1b. of milk over 210
days, prevented functional efficiency from bhecoming so depressed as
to produce conformational effects. In the “ straight control 7 calves,
the very low milk intake depressed functional efficiency to below the

“critical point” during the pre-weaning period, and resulted
conformationally in subnormal body w ewhts very early in life. In
the comparison hetween * bonemeal 7’ and ** bonemeal control

calves, the difference in functional efficiency was definitely due to
the difference 1n I’,0; intake. As shown, this amounted to ahout
12 grammnies of available P,0, per calf per day in favour of the
“ bonemeal >’ group. In the comparison of the ‘“ honemeal control
and “‘ straight control 77 groups, the subnormal body weights of
the latter were not due only to a lesser P,0, intake. Applying
composition figures given by Davis (1936) and Groenewald (1934,
the 496 1b. milk intake difference betwen the two groups, amounted
to a difference per calf per day of 2:3 grammes of P,0,, 35 grammes
of protein and 135 gramnfes of (Alboln drates, apart “from differences
in other food constituents.

Graph No. I gives curves for the average body weights of the
two groups from birth to 7 months of age, and for the average
accumulative amounts of milk the calves received from month to
month over the same period.

The graph illustrates quite definitely how the weight curves
follow the milk curves.

If we make a closer study ot Sections I and IT of Table No. G
we find that in general, weight reacts to milk intake to a marked
degree. Ifor example, calf No. 6714 weighed 66 1b. at birth, while
calt No. 6742 weighed 81 1h. For the first 3 months the latter
received more milk than the former and more than maintained its
advantage in weight. From the fourth to the seventh month the
milk intake of No. 6742 dropped to below that of No. 6714, the live
welghts of which progressively approached those of No. 6742, and
passed them from the 7th month, onwards. Tn the table this same
phenomenon occurs between any two animals which commence their
life with different amounts of milk, and where the one, which
received the lesser amount to start off with, receives the larger
amount during the latter part of the pre-weaning period. When in
the comparison of any two animals in the Table, the milk supply
of one remains higher than that of the other throughout the pre-
weaning period. the body weights will show the same rvelationship.
A comparison for example between Nos. §714 and 6748, which had
similar birth weights, illustrates the latter point. -
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No. of No. of | Degree of . Date of O,
Group. Calf. Dagi; | Breeding.| S°% Birth. Criteria,
Bonemeal Control. .. 6714 3117 7/8 M. 18/11/36 | Body weight.................
Milk per day.................
Bonemeal Control. .. 6742 5518 7/8 M. 7/12/36 | Body weight.................
Milk per day..i cocvvssivae
Bonemeal Control. .. 6743 4941 7/8 M. 7/12/36 | Body weight.................
Milk per day.................
Bonemeal Control. .. 6748 3037 7/8 M. 8/12/36 | Body weight............ ...,
Milk per day.. oo wnsvson
I. Body Weights—
L T 0 S T T
(B) AVOPREER s b a R R SR SR SR ¥ ST S RS SRS R S S v
1I. Milk—
(2) Total milk per group per day.........cooiui ittt e
(6) Average milk per calf per day.. ... ...l I
P339-340h  =—>
Straight Control... .. 6509 3242 78 M. ' 11/11/35 | Body weight.................
‘ Mille -per-davara iz g oim o8
Straight Control..... 6611 3139 78 M. 22/12/35 | Body weight.................
ML P B cesneamsmns wxs s
Straight Control..... 6759 4977 7/8 M. 13/12/36 | Body weight.................
Milk per day. s oozt v o
Y. Body Weights—
GEE) TROBALE crusmsionn vimsnse ressim: b o o8 50 e VMR o ARSI 5040 A Rt SRS i 4L O Y B
(D) AVOLRZES. .\ vov vev v uaisis vavas viasinsssassfr i anserasaessnssenineeineien s shainnn s ens
II. Milk—
(a) Total millkk per group Per da¥.. . ...uvnoreture it iniarirsterarsr oot aa e e,
(b) Average milk per calf per day.......... R R SR
Body Weights—
(@) Actual difference betWeBL ZIOUDS. ...t vt tr vttt e ettt e s b
(h} Percentage difference DEtWeen ZIOUPS. . ...... et iitt ittt i s
Milk—
{a) Actual difference hotWeon EPOUPS. ..o vvviisivirioiirervarrresaamsioaneseeizdtioiaiviiaiinaiiii, i
(b) Percentage difference bhetween groups...... e b Vi sl SR DR SRR RS EEET Se e Tl LA BRI |
Body Weights—
(@) Averages for ““ Bonemeal-control ™ group... ..o
(6) Averages for * Straight-control™ SIOWD. ...y vvre e rasrue et arts satm ittt
(c) Actuu] differenees. ... vvu ittt it i i e e
(d) Percentage differences. ... .o.voveeitaiiiuiisuiie it et iterisiinnsaribarnriaeaia i
Body Weights—
() Averages for  Bonemeal-control ™ grOUP.. . .....niitiii i
(b) Averages for “ Straight-control” group.............. Fas v B AT THEEE BUR RS SRERy S pratma
(¢} Actual differenced: . .oicovsss ool h Sames S sllenn TSN SN S BT RIS e R R
(d) Percentage dTerenees. . ovouiirsiniarirare ettt b et ia et a s e i b

N
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TasLe No. 6.
Section No. 1.

Bopy WEIGHTS AT BIRTH AND THEREAFTER MoONTHLY, MiLK
Birth. 1 2 3 \ 4 ‘ 5 6 7
L . =l
66 106 150 202 238 275 202 310
- 7-68 7-73 8-34 7-10 5-30 3-49 2-2]
81 118 163 221 242 278 205 | 286
— 8-85 11-10 9-68 628 £-69 2-87 234
77 115 166 216 260 209 314 313
— 8-36 10-04 9-04 -8l 571 320, 2.57
67 — 143 196 237 266 270 269
= 766 797 669 04 3.72 1-88 1-35
B | i
291 339 622 835 977 1,118 1,171 1.178
73 113 156 209 244 280 293 295
- 3255 36-84 33-75 | 23-13 19-42 11-44 8-47
= 8-14 9.21 844 | 628 1-86 2.86 2.2
< 339-340a Section No. I1. p339-340c
‘, iy
57 86 128 166 201 226 261 | 267
- 3-89 5-03 5-31 4-33 316 2.0 | 1-32
64 95 115 143 177 202 20 213
- 640 4-49 380 2-81 1-85 0-90 | 053
7 100 138 175 222 242 259 260
— 7-65 831 6-28 4-50 273 1-30 | 1-53
198 281 381 484 800 670 730 740
66 04 127 161 200 223 243 247
= 17-94 17-83 1539 11-64 7-74 4-29 3-38
— 598 | 594 513 3-88 2-58 1-43 113 |
Section No. I11.
\
S + 19 + 29 4+ 48 + 44 + 57 + 50 + 48
10-61 20-21(%) 22-83(°) 29-81(1) 22-00(%) 25-56(") 20-58(°) 19-43(%)
'r -1 218 327 l 7-31 \ 2.40 9.98 1-42 g.00 |
| — | 3612 | 5505 | 61-86()  88-37¢)| 100-00¢) 8786 |
Section No. IV.—Body Weights Corrected for Birth Weights.
I \_ ! L
s 109-9 1530 2057 240-5 | 276-6 290-2 | 204-3
= 97-1 1307 165-1 | 204-3 297.2 246-4 247-8 |
- 12-8 2924 40-6 | 862 49-4 43-8 46-5
‘ —_ 13'18(1)1 17-13(%) 24-55() 17-72(3)| 27- 74(5){ 17-78 1877 ‘
Section No. V.—DBody ﬂ/eiq}’zts Corrected for Milk Supply.
’ — 108-0 1485 ‘ 1944 932-0 264-3 2774 2776
— 990 137-0 | 1805 2160 243-8 263-9 2696
= 90 11 5 | 139 16-0 205 135 8-0
— | 909 -39 ‘ 7:70 7-41 8-43 5:12 2-97
|
N.B.—(3) Indicates significances P. = 0:05; (*) Indicates significances P. = 0-01.
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K IN AMOUNT PER HEAD TER DAY TFOR THE MONTH.

ALL FIGURES IN LB.

5 9 10 11 12 13 14 15 16
313 320 - 347 380 377 463 488 555
208 200 312 349 352 395 461 538 597
N | R A o
328 | 331 345 305 380 424 489 572 600
273 | 273 269 299 304 355 420 475 540
1,212 1,223 926 1,390 1,416 1,551 1,833 2,073 2,909
303 306 300 348 354 388 458 518 573
270 261 278 271 292 300 360 380 439
213 | 212 215 235 246 305 285 329 315
265 | 285 286 308 303 353 364 440 487
, = - - = = - _ e
748 : 758 779 809 841 958 1,009 1,158 1,241
249 | 253 260 270 280 319 336 386 414
‘ + 54 + 53 + 49 + 78 + 74 +69 | + 122 | + 132 | 4+ 159
)| 21-690)  20-95 18-85 28-89(5)| 30-00(°) 21-63(%)| 36-31(%) 34-20(°) 3841(%)
i » - s - o - —
l I
301-1 | 3017 209-9 340-2 3505 379-1 451-5 505-1 561-2
| 2514 | 2583 269-1 279-6 2845 329-9 341-6 401-9 4288
| 497 434 30-8 60-6 66-0 49-2 111-9 103-2 1326
19-77 16-80 11-45 21-67 23-20 14-91(5) 32-80(°) 25-68(%)| 30-94(%)
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SUMMARY,

The results wre presented of un experinent to ascertain whether
a regular supplement of Immn\oal given (o calves up to weaning age
would be beneficial to their orowt th development, in comparison
with @ comparable gronp nt calves which received no honemeal up
to weaning.  From weaning onwards, bhoth groups received the same
supplement. The averoge Tilk intake for the groups was the same.
AL the calves were weighed and measured every 30 days from birth
unti] the conclusion of the test at 430 davs of age. They were tested
for osteophagin at fortnightly intervals and a blood-sample for
morganic blood phosphorns determination was collected from each
calt at approximately monthly intervals.

The results are compared with data which were collected on
comparable calves, not meluded in the expertment. They were horn
out of cows which received no bonemeal supplement and therefore
gave to their calves, on the average 496 1b. less milk than did the
Lonemeal ted dams of the calves in the experiment. This comparison
demonstrates the effect of a decrensed milk intake wpon growth and
development.
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CoNCLUSIONS.

{¢) Under open range conditions 1n  Bechuanaland, the
quantitave milk intake of u calt during its pre-weaning perviod of
life, determines 1ts body or conformational development.

() In general, bonemeal fed cows, living under open range
conditions in techuanaland supply their calves with sufficient milk
for normal development up to weaning age.

{¢)y In Dechuanaland, cows which receive no phosphorus sapple-
ment, do not as a rule supply their calves with sufficient milk for
normal development up to weaning age.

(ly Although the milk supply of cows receiving a phosphorus
supplement 15 as a vule sufficient for the normal conformational
development of their calves, such calves nevertheless are functionally
subnormal as 1ndicated by low 1norganic phosplhorus in thetr blood.

(e) This phosphorus deficiency can be corrected by feeding
phosphates prior to weaning.

(/) vuch a supplement prior to weaning, however, is not
necessary, if the calves receive the necessary phosphates from
wenan lllg onwards.

(y) Up to a point, skeletons of growing calves are able to do
with lexs than their normal mineral reguirements, and nevertheless
function sufficiently well to support normal increase 1n body weight
and body size.

(h) The ** critical joint ”7 15 vot reached prior to weaning age
in the calves of bonemeal fed cows, and theretore such calves,
although functionally subnormal, are conformationally normal.

(z) In the calves of uwon-phosphorus fed cows this “ critical

point 77 1s reached prior to weaning. Such calves are both
functionally and conformationally subnormal.
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