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EIGHT Hed Poll x Friesland cross-brecl cahe.,;, eight to eleYen weeks 
dtl, bel"nme aYailable and had to be reared under l abOI"atory concli­
tions where ol:;;ernl tions on food intake untl weigh t innease "en• part 
of tbe daily routine of the station. It was, therefore, det"icleclto diYicle 
these calves into hYo groups receiYing the same basal ration, and to 
vary the calcium pho:;phonu; ratio hy the addition of supplements 
of calcium carbonate and eli-sodium phosphate to the basal ration. 
It was realized that such an experiment could not claim io be a 
serious attack on the problem of the effec:t of caleium phosphorus 
ratios upon gTo\\·tb, but still, data woulcl be proYidecl nJ ;OJl the 
practical aspeet of the effect of a change in the caleium pbo,;phorus 
ratio upon gro\\·th or weight increase, ef>pecially in this country 
whe1·e during periods of drong-h t or even winter the phosphorus 
content of the pashue is low allll the ratio of Ca:P definitely 
diffe1·ent hom that " ·hich exists during the period of abundant food. 
}lature pasture containing approximately · 4 pe1· cent. Ca() and 
·10 per cent. P 20 5 is common in Bechuanlaml as well as in other 
parts of the Union during winter. The ratio of CaO to P 20 5 in such 
pastm·e is about 1 to 0 · 4 " ·ith pho~phorus definitely deficient and 
the effeet of such deficiency soon apparent upon the grazing animals. 
The Jn·actieal problem, so fa1·, has been the remoYal of aphosphorosiB 
by giving phosphatic SUJJ]llement~ such as calcimn phosphate, bone 
meal, sodium phosphate, etc., wi1hout rrgard to t h e effeet upon the 
calcium phosphorus ratio or " ·ithont a conseiou:; attempt io alter 
the latter. As a matter of fact, thr mg-e ncy of a solution for tlw 
problem of aphosphoro:;is iu tl1is <·tnlllh_r and the sucees,.; ,,·hic-h bas 
attended attempts to OYercome the cleficiency by the suppl~- of phos­
phatic supplements has fostered a certain amount of scepticism in 
reganl to the pmctical value of calcium phosphoru:; J"Dtios iu c-attle 
fanning. It was, therefore, with a view to test the pmclical signifi­
cance, i.e . the effect on growth, of a cleciderl change in the Ca : P 
nttio of the 1·ation of calves ihat the experiment to he cle~rTihed was 
nnrlerta ken. 
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lt is freely admitted, o£ comse, that the study of calcium phos­
phorus ratios is fundamental and essential in all work upon calcium 
and phosphorus metabolism. But it appears that the conflicting 
results obtained by investigators are due in part to the absence of 
differentiation between work upon this problem under conditions of 
a deficiency of eith er, phosphorus or c-alcium, or both, and ratio wmk 
when both the elements are present in sufficiency. II oweve1·, the 
problem of phosphorus and calcium metabolism presents unlimited 
scope to t he investigator ancl ce1·tain aspects have ce.1:tainly received 
a very fair share of attention, but information on the interrelation 
of Ca and P at different levels or concentrations is still meagre accoril­
ing to Bethke, Kick and \Yililer (1932). 

Without attempting to lliscuss the available literature it may he 
said that appa1·ently the coucensus o£ opinion amongst workers upon 
the problem of calcium phosphor us metabolism under conditions 
of sufficiency, is that, broadly speaking, a ratio of calcium to phos­
phonm hetwee11 the extreme.,; of l to · 5 mHl 1 to 2 ma~· be la l::elled as a 
g'ood ratio, '"hile Yalues beYolld the~e limit;; show c1etrimellta1 etfeds 
upon the animal. Ob.-iously, hO\YeYer, the ratio may he acceptable 
in the a hoYe sense but .a deficienc~· of ei tlier calcium 01· phosphorus 
may exist "·it h its a;;sociated ill-effects ufion the animal subject to 
sue h ('{J iul i tio11 s. The seYeri ty of a cleficieUC')' of either phosphorus 
01· calcium ma.v be minimir.ed when working with a most favoure(l 
ratio, \Yhich usually also lies bet1Yeen the limits mentionecl. Marek 
and \Vellman , whose publication Die Rachitis (1932) has been men­
tioned elsewhere,* do not stress calcium phosphorus ratios, but 
claim that unrler all conditions, i. e. sufficiency or deficiency of Ca 
and :P the Erclalkali-alkalizitat of a good ration must lie between 
specific limits. This Yie\1· is interesting, but requires further work 
to suhstan tin tP it. 

DETAILS OF T HE EX PERIMENT. 

The object of the experiment Ull(ler rliscussion w.as to keev one 
group of four calves on eno\!gh milk to ensure an adequacy of Ca 
and P intake, and to aclju;;t the C'alcium phosphorus content of the 
diet in such a way \YhPn supplementary fee(ling became necessary 
that the ratio of Ca to P remainerl the same as that of whole milk, 
viz ., CaO : P 20 3 : l : 1 · 4 a. pproxima tely. 'l'his ratio is in fair agree­
ment with that usually g iYen , as a glance at the following table will 
inrlicate:-

Author. 

Richmond (1920) ........... ... .. . ..... . 
Stocking, W. A. (1922) ........... . .... . 
Hawk & Bergeim (1927) ... . ...... .. ... . 
Rogers (1928) ............ . ... .... . .... . 
Ondarstcpoort (several workers) ....... .. . 
Har t, Steen bock et al. (1930) ......... .. . 

CaO. 

202·7 
200 · 1 
235 
202·7 
225·4 
155·0 

293 · 3 
243 ·!) 
265 
293· :~ 
327·!) 
240 

1 : 1·4 
1 : 1 · 2 
1 -- : - -1· 13 
1 1· 4 
1 1·4 
] : 1 ·4 

*Studies in Mineral Metabolism. Du Toi t, Malan, Groenewald, in a later number of 
this J ournn,\. 
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. If anything, our values for P 2 0 5 are slightly higher than those 
g1ven by other workers, although perhaps not sufficiently so to 
warrant serious attention. 

The second group of four calves was given, in addition to the 
milk given to their companion group, calcium carbonate to alter the 
ratio of CaO: P 2 0 5 from 1 : 1· 4 to 1 : · 33. Here also in the cou rse 
of the experiment CaCo3 " ·as added to keep the ratio of CaO: P 20 5 

constant throughout, Each group received 10 lb. of milk daily for 
the full perioc1 of the experiment which makes a consideration of a 
possible vitamin D deficiency redundant. 

The intake of food of the cahes i11 both g-roups remained exactly 
the same as " ·ill be evident hom a stud~, of Table I: -

TAHLE l. 
G1·oup A.-Daily R ation per Calf. 

=====:==== 
Date. I Mille Hay. I Maize. I Oats. I CaC0 3 . J CaO. I P 20 5 . I CaO: P 20 5 • 

-- -
I 

I lb. gm . gnL gm. g1n. 
28.7.31 10 - - - -

I 

10·10 14·7 1 : 1·45 
7.8.31 JO 100 - -- - 10·50 15·0 1 : 1·40 

17.8.31 10 200 - - - 10·9 1.5·3 I : 1·4 
ii . 9.31 10 450 - - - 12·1 I 16· 0 I : I· 3 

10.9.31 lO 450 220 220 2·ii 13·6 I 18·5 I : 1·4 
12.10.31 10 450 450 -!50 :2· 0 14·0 20·7 1 : 1· 4 
ii .11.31 10 900 

I 

4:)0 4:50 - I 
15 ·6 21· 8 l : 1·4 

18 . 11 . 31 10 900 900 4:50 2·0 16·9 23·6 1 : 1·4 
! I 

TAIILE II. 
Grovp JJ. - Daily Ration per Calf. 

Date. Milk. I Hav. I Maize. I Oats. I CaC0 3 . I CaO. I P20 5 • I CaO: P20 5 • 

lb. gm . gm. 
I 

gm. 

I 
gm . I :28.7.:H 10 - - - 68 46·5 14·7 I : 0 ·3 

7.8.31 10 100 - - 6.:3 47·0 15 ·0 

I 

J : 0·3 
17.8.31 10 200 - - 68 47·4 15· 3 I : 0·3 
:5. 9.31 10 450 - - 68 49·0 16·0 I : 0·3 

10.9.31 10 450 220 220 80 :'i8·4 18 •.5 I : 0·3 
12. 10.31 10 

I 

4:)0 4.5J 450 100 70·0 20·7 l : O·:l 
ii .ll. 31 10 900 450 450 100 71 ·6 21·8 I : 0·3 

18 . 11.31 10 900 900 4.JO 100 72·9 23· 6 1 : 0·3 
I I 

-·-- --

The mineral supplement was a(lded in t he milk, which was given 
hvice daily to each calf. 'l'he rest of the ration was given in a comm011 
irough an(1 the calves of both gToupR given access simultaneously. 
The calves were kept in a small bare paddock and allowed into a 
common shed at night. The supplements of bay, maize and oats 
were given twice daily and the calves weighed at fortnightly inter­
vals. The average fortnightly weights of both groups of cah-es 
for the full experimental period of 9 months are r epresente(1 
graphically in Figure I. 
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A glance at Figure I :shows the perfectly normal and regular 
t rend of t h e CUlTes of t he weigh ts of both groups of calves. The 
ealves in both g roups gained ,;teatl ily in \\·eight and rema ined i11 goorl 
h eal th and condition t hroughou t t he trial. At 12 months of age t he 
aver age weight of the cah es in either group \\·as app1·oximat ely 
370 lb., which agrees Yer~· well "·ith the " ·eights of the 1902 eal£ 
crop of the sam e com.; by the sa me b u1l an<l b an<l-re<ned ''"ith mi lk 
accordi ng to t he rou t ine methorl of t hi s Tnsiitute . 
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'!'h ere is no rea so ll fOl' belieYing that a ratio of C'a(): P,O., of 
1: 1 ·4 prorlucerl better grmdh in lbe C<lln,; untlet· the condihom; of 
t he experiment, i.e. prohabl,,- of <·alcium a nd pho~]Jhorus sufficiency 
lh:w :1 ratio of l: ()<l. A! :dl PYents ,;n l'it a diffPrelll'P, if it exislPd , 
\\·as not app::ne nt in t he grmdh <·u rye,; of the cahe,; during their first 
year of life, i .P. of h igh ('alcium an<l phosphon!;; re(JuiJ·t>JilPnl;; . In 
I'OJl< ·lu,;ion it s hould he lllf'lltitlliPd that :1,; tl1is PXj)Pl'i!lll'lll tln·o,,·s 
I'Onsiclerahle <louhl on the pradi('al signifil'allce of >:m·.,·ing calcium 
phosphonts mtios in t he nuiritio11 of caln;-;, il iH beiJJg- folLo\1·ecl up 
,,·itlt fu rthe r "·ork along the ~amP lines. 
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