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I. INTRODUCTION . 

In the first publication (du 'l'oit, et al, 1932) of the above series 
it was stated that the in Yestiga tion "·as undertaken to cl efin~ t he phos­
phorus deficien t areas in th e Union of South Africa. The possibility 
of other mineral deficiencies and a study of the feeding value in 
gen eral, in so far as :figures for crude protein, crude fibre ancl carbo­
hydrates could provide a criterion was, however, also kept in mind 
when the sch em e was under consideration. In other words the neen for 
more detailed data on pastures generally and their bearing on 
proMems of nutrition and disease may be considered to have formerl 
t h e basis for the series of investigations. 
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:FEEDING VAL E OF PASTURES IN SOUTH AFRICA. 

Originally it was decided to analyse the soil from selected areas, 
the herbage grov.·ing on that soil and the blood of cattle grazing on 
the pasturage. It was thought that a definite correlation existed 
between these three sets of data and that possibly the collection of 
data on any one -of these sets of analyses woutld yield sufficiently 
accurate resul ts to render the other hYo superfluous. The scheme was 
eli 1·idecl into t 11·o parts, one ·of which aimed at study ing the effect of 
stage of growth on the chemical composition, yield and digestibility 
of indigenous grasses established on experimental plots. The results 
of thi.s work have been reported by du Toit et al (1034, 1935) and 
Louw (1938). The other part of the scheme dealt IYith a mineral 
survey of the pastures of the Union. Sample of soi'l, Yegetation and 
b lood we1·e collected and forwarded to Onderstepoort by about forty 
Government field veterinary Officers, each setlecting an aera for 
collection in his di strict. The first three s1.uYeys took place in :May, 
1030, May, 1931, and October, 1931, respectiYely, after IYhich regular 
collections v.·ere made during January, Apritl, July and October of 
each year until April , 1933. After the first three surYeys "·hich \Yere 
reported on separately by du Toit et al (1932) the collection of soil 
samples was discontinuerl. 'l'he results \l"arranted the conclm•ion that 
soil ana!lysis does not provicle a satisfactory method for studying t he 
feeding Yalue of natural pastm·es a;:; obviously pasture on poor soil 
may yield excellent values if the samples for analysis a re taken at 
an early stage of gro"th of the pasture. 

R eporting on the succeeding surveys compns1ng the analysis -of 
pasture and btlood samples at three-monthly intervals collected until 
April, 1933, du 'l'oit and his collaborators (1935) stated that the 
diagnosis of phosphorus defi ciency in pasture by determining the 
inorganic phosphorus content of the blood of animals gTazing- such 
vastures is simple and acc urate, but that the surveys were intendetl to 
be a stu dy of t he feeding Yalue of South African pastures and not 
merely a study of their phoHphorus content and hence pasture 
analysis, 11·hich is essential for a st11dy of the greater problem of the 
feeding value of t he pastmes and which incidentaltly inclurles the 
determination ·of phosphorus in the pastures already coYers the field 
of pho phorus deficiency. Blood analysis was therefore eliminated 
from the subsequent surveys 11·hich were carried out -on an extensive 
scale. Naturally blood analysis would h ave i rn-olved the bleeding of 
many hundreds of animals ·OYer extended periods, a procedure 11·hich 
after seYeral repetitions was generally met with a certain amount of 
opposition on the part of the fanners . Another obstacle in t he way of 
drawing the blood and preparing it for despatch to the laboratory for 
ana!lysis was that sufficient professional assistance was not available to 
analyse and handle such a large number of samples simulta rwously. 

On the other hand, Government stock inspecto rs are stationed 
practically all over the Uni·on anll it 11·as consequently decided to 
entrust to these stock inspectors the work of collecting and despatch­
ing of pasture samptles to Ondersiepoort ; this procedure in cr eased 
the number of samples actually c-ollected since November, 1933, very 
con siderably. In fac t, 11·hereas previous t·o this date only about forty 
samples were collected eYery three months by a limited number of 
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field ,·eterinary officers the stock inspectors collected and cle;;patched 
to Onderstepoort every m onth l~etween 200 and 250 pastnrE' sam ples 
for analysis. 

'l'lte present report lle;tls ,,·ith the results of this more compre­
bens.i,·e surYey ''"hich coYers <1 period of two )'E' <US hom KoYPmher, 
w;n, to Odobe r, 19;15. 

II, PLAN OF THE INVESTIGATION AND METHODS. 

In Odob>r, 190!l, some 2-1-0 stoc-k in~pedors stationed all OYer 
the U nion \Yere instructed each to collect anrl fonnu·d to Onclerste­
poort a sample of pasturage during every month of the y par. For this 
purpo,;e pach in.-;pector had to choose three farms in bis o;,·n are;t and 
(ll J these farms the samples had to be collected in 1·oht.ion n'; f0llo1n: 
a sample of t he pasture was eollederl on farm No. 1, .in, say, 
November. In Decem her, '"he11 the seconrl sample had to be (·ollPr-tecl , 
it " ·as taken from farm :Xo. 2 flml .i11 .f.lnuary on farm ~o. 0. In 
February the sample \Yas again ta.ke 11 on fmm No. 1, in ::\larch 011 

farm No. 2, etc. R ew··e, oYer <I p e1·.iml of 12 months, for instanl"e, 
from KoYember, 1933, to O('tober, 1934, the sample:; \\·onld be 
collected-

on fa l'lli ::.\fn. 1 in ~oYt-mber, Febnwry, May nnd ~\.ugu:-;t, 
on farm Ko. 2 in D ecember , ::\lflrclt , June and Septemb~r , and 
on farm ::.\fo. 3 in .January, c\1n·.il, Jul.v ;mrl Odol1er . 

• \.coonling to i his lle\\. ;:;chem.e tl1 e num her of f.nms on which samples 
of pashuage '"oulcl he collected W<.l R increaseu from app1·oximately 
40 to a lmost eight hunclretl an<l th e method to he followecl in collect­
ing the sampiles was at the same iime modified. 

The choice of pasturage for analysis in t hP nmY sch emP "·as 
imlirectly delegated to the g rnr.ing animal itself, t he un derlying 
motiYe being to ensur~ the colleci ion of a l"Omposite :;amp] e of he1·bagv 
w·hi<"h \Youlcl as far as is practi('able l:C' l'Pj)l'P~E'ni fli.in of '"hat the 
animal nd11:d ly ate on t h e day \\·hen t he ,;ample '"as coll ected . In 
orcler to acl"omplish this object a number of anim;:d s had to be 
followed while gr azing by the stocl, in~;pedors " ·ho ,elected the 
analytical sample to correspond as closely as possible to '"hat the 
aninwls l1 e "·as follo"·iug actually ate. If t he animal follo\Yed took 
a mouthful of leaYes of a r-erbin bml of grass the stock ins1wctor 
IYould aho (·oll ect a hanMul of l eaYes from the same iuft , or hom 
on e of the same kin d. of grass, aml place th is in his collection lJf!g·. 
If thP animal tl1eu took a m nutllful of seeclh encl s t l1 e Tnspedor " ·oulcl 
l"Ollect a handful of seedheacls h om t11 ;!t tuft or a ;;imi lnr one and 
place it. i11 lhe same hag as the first handful of leaYPs. If the animal 
then took a mouthful of hushes h e nlso collected a handful of the 
sam e bushes into t he sa rn e hag as the first hnJ samples, and after 
foll owing fiyp or -;ix animab an d coll eding al1out 2 lb. of wg-0btion 
in thi s way his sampl e \l·as taken to approximate iha t 1Yl1ich the 
animals hnrl actually ealP n Yer_,. closely . The in spel" tors were 
req11 ested " ·h en fo1lo,1·ing sheev to spare no pains to collect a 
repreRentatiYE' sample of '"hat the slH'ep actually ronsumed. 
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In areas ,,·!J ere the pa,;ture 11as co n1 pose<l on ly of g rasses or of 
bushes the sampl es collected probably approached a true r epresentaiiYe 
sample of ,,·h at the <1nimal af'i ua lly c-onsumed Jllore dosely than 
those collected in areas where mixed sa mples-gra ss <1nd bush- \Yere 
collected <1 s oln·ioush· it is rlifticult to collect t h e,;e in rxacth t lw 
sanw proportion ,; that they <He consmn ed b y the a nimnl. , 

])iffen'llCe .~ in r·hem ic<1l c-omposition do Pxist lw(,,·een one specie~ 
of gra~s antl :1nother anrl thP :wri<1l parts of n g r<l tiS plant ( leaYe~, 
haulms, etc·.) also cliffer in J'Pg'nrd to tlwir minc'ral alltl protein ronte nh 
but th e.~e tliffe re nt ·es ;nc· not. of suc·h a magnitu rle th<1t the composition 
o:f a li<l lllplt' c·oll rdecl h .1· Olll)· appro:xim ;d e sin mlalion of lhe gT<1zing· 
:1nimal h 1· t he c·olle.-tor ,,·ould <li fter 1na te rialh· from that of t h e 
he1·h" ge ,;!'!.ua lJ y t·onsUJll ecl h,- the aniJIIal. S;nnl)!C',; c·oll c:>d ed 0 11 Ye ld 
composed of hu:-d1c:>,; onh \Yill fo r similar re;!sons a lso be hi ghly reliable 
as inrlice,; of ;!dtull co nsum ption . Sint·e. h o,,-f' ,·er, as will be e1·irlenl 
,,-]l e n tht' n•,;u lt;; are tli sr· us;;ecl bte1· on in t his re]Jort , t he eh e mica l 
composition of hush es anrl grasses nw~r diffe1 l'Ol"'irl erahly in t he 
l'ase of cert·ain !'onsti!uents, t he !'oller-i ion of a represenLdiYe samp]P 
of herbage:> on pa,;h.ne t·omposerl of bushes antl g'l'as,;es will del'itled]y 
t·onfront the eo lledor 11·ith greater cl ifficultie;:;, in t lw t h e has to ('Oller·t 
n sample '"hich must not onl~· contain the:> species (grass anrl hush) 
.~eledecl h y t h e a nimn 1 lnli· the rlt>gree of prefPrence exhihitecl h_,. thP 
<tnimal for eit·h l'r g ras,; or h u . .;h JJJ Ust lw reftrrterl in tht· pen·enhtp;t' 
of Pither of these vel rl type,; in hi s compnsitP sa mpl P to hr S11hmitted 
fo r analysi s. 

On reac hing the t·Pntral l aborntor~· nt Onrlc:>rstc:>poort. the samples 
'"en· rlri ed , if Ht't· es:-;ary, cl Psr-rilw tl , frt-c:>tl f rom so il , £nel~· ground, 
bottl ecl and put away for ch emir·a l anuly,:is. The rl esr-ription of the 
pasture san1pl c:>s ,,·as som e1Yhat s ujJerfit ·.ia l. The fo ll o,,· in g- is a brief 
c:>xplanatio n of the d esC'l'iptiYe term s employed: Snmples wen' 
composerl of c:>it her grassc:>,; onl~· . bushes on l)·, or of mixhnes of 
g-rasses al1ll buslll'S in Yarying proportions. The:> tc:>rm "hu sh ., " ·a:; 
userl in ihe ensc:> of all non-p;rnminar-t'ous perc:> Jtnia l <1nrl annual 
plnnts. r\ sam plt• of grnssc:>s on l)· ,,·as cl Psr·riherl ns ' ' 1-rras:-<, gTr'ell .. : 
''g- r ·at;~, lllitinly gTee11 ' '; " g·r'n ~K '~ ~ '' gTnss . n1irinl y hro\\· n·~ : nnd 
"gTa ss, lJJ '0\\' 11 ,._ Th e ienlJs ' ' green .. antl " hro,,·n " <ll'P self­
explanatory. ' l' !Jp tc:>nn ' ·grass .. inrlie;\tes that it ,,·as _jurlgPtl that 
tht> samp l!' ,,.aR composetl of rougld5· equal amounts of gTf'PH antl 
hro,,·n grasR, rc:>spediYely , ,,-hl'rea;; a sam ple wns d e~l' ril Je rl :b" mainly 
gTeen " or "mainly bro,,·n " rlP pe ndinp; 011 t h e ec;t irnai <-rl amoun ts 
of green an d br01n1 gTa ss in Hw eomposite sa mple. ln arldition. 
certain outstanding feat·urc:>;; i n a g r ass sample " ·er e tl e,nihNl. '.l'hus , 
a sa1nple was " leafy,. " ·h en it '"as almo:si entirely r·omposPd of 
leaYes only, fe ,,· stalks being prrsent; or " long .. " ·hen t h e sampl e 
fonYanl ed ''"as mnde up of ihe aerial Jl<lds as a " ·l1 ole of gra 's tuft, 
12 inches o r more in lengt h. Also , the grass in a samplC' wa,; 
desni l:c:> <l a s "short., 11·he n the effedi,·e gro\Yt h on the tuft,; ,,·a s 
n ot lllOI'e_ than about :.?-3 int· hes in h eigh t either clu e to overgrar.ing 
or ve r)r llttle nf'\\' growth at th e r-omme nceme nt of the rainv sc:>aso n . 
'l'he nrhan!'i.ng stage:; of maturit ,. in the r·asc:> of bushPs ;Yel'f' not 
clesni1Jed, sinee , on t h e one hantl, the hush sa mple:; rer·eiYetl were 
in the majority of eases "gr ePn .. nnrl. on t h e other hanrl, tll<' 
<1Psniption for a mixf'cl smnple of l111 slw;; ancl g ra ssc:>s \\'lntl cl h an' 
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been too long and cumbersome. The term " bush ", then, Jneant 
that the sample was cmnposed of bu shes ouly; describing a sample 
as "grass anrl bush " signified a ( ;Olllpv :ii\ ~ ,;ample of the two veld 
ty pes in IYhi ch the amounts of bush aud g ras,; ''"er e more or l ess in 
t he ratio of 1:1. A preponderance ot un e or the other Yeld type in 
t he composite sample was indicated by adding t he words " mostly 
bush " or " mostly grass ", as the case may be, to t h e description 
given aboYe. To i llustrate, the description: " Grass, mainly green , 
leafy, and bu;:;h ; mostly gntss ·· "·ould mean that, in the :first place, 
there wa;:; proportionately more gra s.~ than bush in the composite 
sample nnrl , in the set"ond plnce, t h e grass moi ety of the sample 
f·onsistecl almost exclusively of l eaves, the m ajority of ·which ,,·ere 
still in a green state. 

The description of a sample \\·as inclmlefl with the scheme in 
onler to giYe a rough indirntion of t h e stage of growth of t h e plants 
composing the pasture sample so that the inftn enee of stage of gro\Yth 
on the ehemical composi tion may he judgerl in t he c-ase of eYery 
sarnple collecterl. H oweYer, t h ese rlescriptions as i nfli reR of stage 
of growth must be looked upon as only approximate; a " green " 
sample might for instance be composed of h erbag-e at a stage of 
growth ranging from anything het\Yeen t wo weeks anrl two months; 
i.e. at any stage from tillering to post-flo,Yering or ~eerling. 

As stated pre,·iously some 240 stock inspectors were entrusted 
with the task of coll ecting pasture samples and the nchwl \York had 
to start :in November, HJ33. 'l1 h is meant that over 700 farms were 
invohed, although this number oscillated con siderably during the 
coun;e of t h e investi gation. rrhe m r~ jority of office rs r esponded 
immediately by fonYarding th eir first samples d11ring K 0\' emher 
while a few collected th eir first samples only in Derem ber or even 
January and February of 1934. 

It IYfi S originally intended to continue the collection of samples 
fm r~t least threP- years hut it \\·as soon r ealised that owing to t h e 
large amount of analytical \\·ork involved the available ch emical 
Rtaff would he unable to complete all . the ann lyses in n reasonable 
length of time. For this renson it \Yfls decided to cover a p eriod 
of two years only an(l. the eollection of samples which, as statefl 
previou sly, waR starterl in N ovem her, 1933, \Yas discontinued i11 

October, 1935. 

H m ay, finall~· , he staterl th at the instruction s in r egard to the 
m ethod of rotating the rollertion of samples on three chosen farms 
were stridly aclher efl to h.v officers in only about 50 per cent. of t h e 
eases. For good rea,;ons man5- officers had to repl.ace one or more of 
their orig inal farms with rlifferent ones, or the (late on which a 
collection had to he made on a certain farm harl to be nltered. This . 
however, is not considered a serious defect in the sch eme since the 
ohjeet is not so much to determine the feeding val ue of the pasture 
on certain farm s lnd· to get an aYerage qualit~, i11 rlex of pastures in 
different area s or districts of the "Cniot.. at rlifferent time~ of tbe year . 

All ch emic-al ana lyses ar e given on a dry matter hasis and the 
methodR employed \YPre the same as those deseriherl hy LomY (1938). 
Altogether dose on 5, 000 sam pl.~s wer e analyserl. 
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Ill . RESULTS. 

(1) GENERAL. 

T ables g1nng the allalysis on t h e basis of the clr:'l· tnatier 
together " ·ith a description of eac;h individual pastun) sample 
receiHd an' presented in an appenclix to this l'l"lJort. O"·in g to the 
muss of club collec·tecl it is impossibl e to consider l"ach farn1 or 
l oc:ail.i. ty by itself . H has c·mJsoquently bt>en cleciclecl to diYicle t lw 
country into eight een clifterent areas (see Chart I ) and to c·onsLruc-i 
bLl.e~ g i.Ying the aYerage composit-ion of all the sam ples collected in 
each area and chuing each month of the year separately. T ht' 
principal clistrids compri,;i.ng :111 area are giYen in a legend to 
Chart I. ::'fo Ramples \\'ere r-olledecl in areas (e.g. Basutoland) not 
m ar keel on the chart, while the :mal)·ses of thc limih-'d uumber of 
Ramples which aniYecl {rom the strip of c-ou1liry sh etehing from 
Piquetberg on the 1wst coast along th e south c-oa st to Hmn am;cl orp . 
markecl " 0 ", are g i1·en iu th!-' appeudix onl;y; the calculation of 
ave rages f rom thco nvailah lco dab fo r th i;;; reg- ion 11·<1 s 11 ot- c·mJsidPit'(l 
just.i fin hle. 

The division of the !'ountry into eighteen areas 1ras macle 
m ainly on the basis ·of the B otanical .Jiap of the '(T ni on of South 
Africa (Pol e-Entn s, 193G) . Althoug-h, to a cerh1in cox ten t, r ainfall 
w:ts also taken i nto acconut, the cli1·iHiou into areas rem aius some­
what arbit rary. 

It was thoug-ht t h at m ore reliable values ~·onlcl be obtainerl for 
t he composition of the pasttue if the analyses of the separat e yean.; 
were not consi.clererl separately. Con :,equently, the analyses of all the 
samples collected during any one m ont h , irrespectivfl of the year , 
in, say. area 1 " ·erA grouped togPtbPr ancl average Yalues for each 
constituen t calcul.atecl for that part-iculaJ· n1onth. l.n this way average 
values for ench constituent dei ennin erl all(l for pach of the twelve 
months, .Tanuar.r to D ecember , '"e1·e c-<1lcnln tco cl in the case of ever_,. 
one of t h e 18 areas iu to "·hicb th e U 11 ion 11·as diYi.ded. These a ven1ge 
Yalues for an " average " yea r t hough not, as m ay he expected, 
applicable to t he pasture on each of t·h e farms sihw tPcl in that area 
separately may , ne l-ert-heless, hr taken to provide a fa ir C'ri terion for 
judging the feediug v alue of th e pa~tures in tlle are;t as a whole. 
particularly with r eference to t h P c- han g-es in the feeding Yfllue of tlw 
pastures f r ollJ Januar:v to D ecpwber. 

Th e rainfall data fo r the bm ye;m; from 5ovember, ] !Yri, haYe 
been treatecl in a manner similar to that out-lined aboYe for the 
chemi,·al analyse,; of past m·e samplt-s in mcler to aniYe n L avprage 
monthl>· rainfall fig-ures fo r m1 " average " year ir, the case of each 
of the 18 areas in question . Briefty , it means that, for in stanc-e, th e 
m ean rainfall for Januar.Y in area 1 Wfl s obtainecl by aYeraging nl.l 
the aYailable raiufall da ta rAg-isterPd on fcu·ms in area 1, from which 
samples \I· er e a d ually fonmrdecl , durin g- .Tan na r)·, .irrespee:t i. Ye of 
t h e year. Unfortunately, not all the farms w·h ere the pastures \1·ere 
sampled '"ere proYided 1rith r ain g-u ages, so t hat in mnnv cases the 
rainfall data of the t01vns or YillagPs u earest to sur-b farm~ hacl to h8 
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utilised in order to make the averagP figun· tb repre_,;en tntive tiS 

possible of the area as a whole. The a\·erage wouthl.v ruinbll figun·~ 
calc ulated u.,; indi ca t.ed :ne gin•n i 11 'I' a blt• I i 11 i nche~ . 

.Tndging ho111 the aH•rnges for (liJI'e rent areas give n in a publiva­
tion h,· Sc humann and Thompson ( 1!):14) on (·edain aspects of r:tinfal I 
in South Africa , and fron; the Heports of i he Cnion )(pfeorolngintl 
Office for t he years 1D04 and 19!i;-,, thP fornwr being un ihe wlwlu 
ahon• and the latter year helo,,· norm :t l in regan1 to rainfall t li t' 
"a1-en1o·t· ·· Year arrivPd at frotll the data of the t\\o years covering 
this inv~"tig:;tiun ~ef'Jlb to ht· a f:tir irulication of uon;t<tl <· u tHlitions . 

• -\ :s t udy uf th e: 'deseript ion s of individnal s:unplb gi.n •n in th e 
a ppendix re,·e;~l~ thf' fol 1owing: !1:1-\I!J per t:ent. of the ~alnpl.es 
originating hom :.ueas 1-4. from area ,; G-K. and from area ll ,,·ere 
composPd of gra~se~ only. t itf' re~t l,c•ing ' · hush ". Grasse;, \\·ere 
p1·ed ominant in mixetl samplPs trolll ;~reas .-), 9, 10. 1'2 ;~ntl 1 ;1, the 
perceittages of sam ples eomposecl of bush only being 1:2·0. 10 ·0, 17·0. 
:26 · 0 and ::4-0, Te~pel'tin~ l.Y. On tlw other hand , the ~<alllple~ fru111 
Area ] 7 were nwde up aln t o~t (•xdu ~ i vt>ly of bus he;;: bwd1e~ pn->­
dominated in Uti' samplt~s forward ed from ,\reas 1'1 ancl Hi. o.nly 
about 20 1)er (' ent. be ing t·omposed of gTa ss , ~~- hils t in th e remai11iu g 
two areas , unn1her.-; 14 :IJl(l l_S , t i1P ltlnnhc;rs of g-rns~ a1Hl ln1sh 
,.;amples, respP('(jyf'ly. \\·pre <tppmxinwh~ly the sanH-•_ 'l'lw pt~n:entagt•" 
of grass and husl1 samples •·ited :~ho1·e do no t·, of <·onrsf' . and :HP n ot 
intended to , Tdled adn<tl •·onrlitious i11 thP Yeld IYith math<' lll:dical 
llfei'iRiun , hut j11dging hom a kuow lt•dgP of Yt•ltl •·ouditiou :< in ~Ollll' 
of the <neas and the hohut ica l !Hap pn-n·ion sly rf'ferred t·o , thP pro­
portiou s of gras;; aml lnu;h ;;am pl es in the ioin l llU 111 he rR fnn1·:1 nl ed 
hoJll tlH· various areas, nnd refledt"d in these percent:lg'<'S, ma\· he 
ta kt> n to he :.1 fnir approximation in th e case of most areas . 

The avPrage monthly chemi c:nl composit ion and the nmg-e of 
variation in the compos ition of intlividual ~muples arP g'lYe n 111 

tables '2 and ~~ anil tables R to 14 for eac:h of the l.S nn:a s into whic:h 
t he count ry h as been clivided. R eferen c:e should be made to tabl e 
2 for a record of the n mnber s of samples analysed for each 
m outh , and ±or a n a pproximntr rl.escript ion of th e type o f Yeld in an 
arra as a whole. The range values, giving m ininrum and m aximum 
figures f or each month, were included to indicate the wide difference~ 
that may occ:u r in the eompositinu of smnples co ll edPd tlm·ing- tile 
sa me month in any one area. 

X a turally , (:Ou ii iclerabl e variation is eX[JPeted in ,;antpl e:; :;peured 
O\-er an exten sive region of na ttual vel(l---the :~rea s i11 cp1estion 
m easure 8,000 square miles :mel more- if th e factors iuflnen einp: the 
ch emica 1 composition of su ch pa stures are kept itr minil . ru thi s 
con neetion refe rence needs only to lH: made t o tlw fad t hat most 
of the rain in the g-reater part of this country f.alb iu the form of 
intermittent sl tO\Yel'S resulti ng often in considerable varintion in the 
}lreeipitatioi .. olt twu a cljac:et1t farms, let a lone on farms !)() or more 
miles apart ill t he ~ame area. Although the inflnelll'e nf soil fertility 
a nd hotanieal t;ompositio n of th r past ure is hy no mean;; negligibl e 
t he .ruain factor responsible for the w id e iliffere n ce~ iu t he c: hemicn l 
composition of p asture samples from t he same a re:~ is no doubt the 
Yariable rainfall 1\-hich i n tu m is rP~ponsible for pa:-; t urage nt ,-a riou8 
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_..; 1:1)-!PS of lll:t l urit y. Tl~t· p:-; is t e lll't' o f tl w !.!1'! ' :1 1 \ :l ri:tlio !t 111 t ilt ' 
lllitler:d a11d Jiroh·itt t'tlltlt·ll h of i.ht• p:b l lli P ..;,'IJIJjllt ·" t·o l lt·I'IPd d11ri u g 
th t·' S:l lll t' IIIOIIth illeYil:thl)· illl p:tih t h e• ,; ig-llifit";tll t'P o f 1hP :1\'('J':t ;_! t' 
, ·:tlut• . ..; s<lllll'''·bat. At I ht> sa lilt' I i nlt· t !J,. an•t·ag·p ,-:due.' " ·h idt will 
1<>1 ' 111 t h t• lw .- i,- of t lw i oll o" · itlg- di . ..;c·u,.;,; it iii lll:t _\_· lw t:ti;(• JI to d,._,, ·r iiJ, . 
,.,.,."if it i..; onh· i11 a rough "·a~-. !Itt' qualit y of tilt · pa .,tn r:lg-e of a 
:< pPt·ifi, . :HP:t : 1 ..; :t " ·lt o!P nt oty .. !o,;tc'h· ih:tll " ·o nld :t il \ . of t lw intl i \' id ua l 
,-:tlu Ps " · it lt in t it•• r:lllg-e of \:tri:ilioll oii.'I-'J'\-, 'd . l11 p:tni<·u lar 111<' 
:1\·er:tg·,. va !ut'S ahonl :1 ,·alual> le pidnri-' o f i.l ~t • "'''~'"""1 lt·lldi' III '\ . i11 
t lt e l: h i' Il lit':tl t'()IJJ positio11 of t IJp p:1 . ..;t ILI':tg<' . 

('!I l'ttoSI'ItoH : s .1.\'11 ('! II Ili·: l 'lloTt·:IS . 

'J'ht• :1\·l'l':lgt" \':dii PS for piJo..;ph"l ' ll . ..; :111d t·l 'l ldt• jii'OII"i ll ;_!' 1\'1'1 1 i tt 
l:dd .... ..; '! a11d :1 for till· IS :tn·:~ ,.; 'I'ji:II':dt·l \ are presPIII Pd i11 gTa p!ti t':l l 
fo rm i11 Figs. I lo ;)_ Tit ,. llllhf: IIld i ll _!.! lt·:tilll't ' i11 tit, • ..,.. gT:q>II,; i" 
t h ... g·r:~<lll:~l t!u\\·II\\·ard IPildt'lll'_l' fnnu .I :Jilll:tl·\· l o -ln l.1· '". >-\tJ g·11 . ..; 1 

l'o lJo\\t•d ll\· :t ri _, ,. of \':1 1'\.ill!.! illi.t·' JI . ..; i t\· lo \ tl\t'llt ht·l· "' j),.,.,.•JJdH·r for 
lltlilt I' at;d pnd•-•i11 i11 't ill .' , ... _..,,. "t .all lh p ,!.!T:t,;s l:t lld <tl't':t .' td l it e 
! ' 1tio11. This tlo\\.II\\':11'11 a tt d llji\\':JI'ci c un·e ls l'l!! . ..;l'IY c·OITPI:Itecl "· itlt 
i ll(· r:ti11 fall i11 t lll-' are :t :-' I'Oll\'I 'I'Il e tl a..; " · ill lw PYidt>tll hon1 a g-l:IJIU' al 
l .ild l-' 1. (ill thP otitt·r lw11 d t \1( • g·lapiJ ,.; dt •..;t' l·iiJ i ll _!.!· ( itt • IIWIIIh l\ 
an~t·a~tc·~ fu1 mi.\'ed (gra ,;,., a11d bu ,; lt ) v..Jd "" 11t.t ..;fl"" :1 dt··tinilt• 
t l' lld t•; ; ,.\. fr o111 -1:111\l:ln· lo J) ,., .,.IJI I>I"I'. 

Tilt-' irn·g-ular J-lul'ilwtioll s nwy proh:tbl_y hl' JJl:l i lll ,l' :liil'l'ilwd to 
\':IJ \'J II g· p1oportinns of hns ht·s a1,d g"J a s~e..; 111 the mixed salllples 
,. ,dfe,-1;. ,1 f mn1 l.l.lOJiih to JllOJi i h and lo il~t • f:l\·1 t li:lt hn sh('s :~n· IIIOJY 
,.,._,isl:111l to •ho\1g ht :1111 1 r ebi n t h•·i1· n11 l ri liYe propt· l·t ies lo nger th an 
do gr:~s,-; es, a s i s ,.,·ident- hom t he hig-he r leYel in t lw :tYPrage Y:dut' " 
fo r both phosphnnt ~ :~nd p mte i11 in o;:llllj)lPs l'Oniaining :1 hig h 
pi·rceulag-e of bu~ lt thrnughout till· ye~n. Th1· mint·ral I'lllllpos it io11 
:t nd protein colltent of bus ltes <ll'e ill f-lu eut.;ed, tbt~ug·h not to t he 
same l'xte n t :ts <HP g'l'a :;st-;;, !,_,. rainf:ill " ·' is (•\· idt•iil fnr111 :1 study of 
t h'" mon t hl ,v :IYer a g e v:dues <lnd 1· :~ in fa ll f or ..-\ rea 17 . a " ·in ter J·ain­
l':i ll :trt·:l , :1nd t h e ,,,J! _,. oil <' in " ·hil'h I h C' s:11npl t>s l'nllt·l'tl' tl ,, ... r (• pr:l('1 i­
I':t lly :ilJ (•() Jiljll l:it'd of IJu ,.; h t•,; on ly. U nlik t• a ll ol }lt'r : ll 'f' :l ~ III:I Xillllllll 
,-:dues for P a nd pmt,•in \\' 1-' J'E' h <>n• nht:~inPd dn rin g· lht> \\'i nter 
1JJ()llt11S. 

"-\n exa!llin a tion of l ilt· pl}();;phol·u s ~nd •·nult· prnt •· i n tigurp,; .' h" " ,'"' 
th:~ t :d no i inte •·an t· IH· p:H·dtJJ·p;; 111' t h P T'nion he •·onsirlPrPtl !11 ht· 
ril'i1 in t. h e,.,e POII Ht ilrwnt ,; a s .i n•lgt•d h1· 11\'t'r:it':l st:l ntbrds . !11 t ht> 
s u JJIJJII'r rai n b ll gT<Issl:ind :~ n • : J..; llu· plw . ..; plll>rus nn d p ro l l' in , · :dt ~t· s 
I'I' :tl'h th •··ir hig·lw,.;l, It•\' (•}..; in \ u,· t·lnht·r. }) ,., .<'l n Lt·J· •11· .Ta nu:ll· \', II· I'! t11 
IJ ·Ii jH'r l'en l. and i · (l lo H · () pt'l' <Tn t. n·s p t·t"li,-,.]y. Fro111 .l :lll ll:ll\' 
lh t·re i . ..; a gradual ,],•<· l in t' l u l ilt • (• :-; tiTIIJ PI\· lo" · Y:ilu e~ of 0 · (1;-, 111 
IJ· II'j :tnd :3 -:J t o-±·() jle r •·e11t. for plwspho ru ,; aut! prote i1,, n·:-;pediY,•h. 
in .lnl\' or Aug-ns(. f nllo\\·Pd ll\ u gT:11l u:I! ri :-'t' In t h0 higlll•r ,-:ilnP" 
IPfl' l'l'Pd to :l iHIVe. 

E x <·ept f or Area;; I 'j a nd IS . lht> :1 ,.e 1 ·:~ g·•·s for smnpl es froill 
:1n· a s " ·h ere :1 h ig-h pe rl't'll t:l.g·p of h11 slt P:-- \\'1-'H' ]ll ' f'~ <-·!l1 in I h t• ·"''''"l'h '" 
o r " ·.ht-'l'f' hu~h e~ \\'t'I'P )ll't> Ilo llli ll:ll!1 .'i hll \\ ' l!td o n! ~· hi~dll'r ll J:I :-;illl:l 
l,ut tlu· mi n i n111lll Ynlu•·~ :d~o :tl(' l1i g- he r th nn ll10.'iP of 't h P gT:I sid:tnd 
:ll'l ' :IS. h !.!· u n •s for ph"·'Jlhnru,.; 111-'H'I' g:o l tl'lo11· (1· 11 p t'l' ,.,. n t. i 11 t lw 
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course of the year while values of between 0 ·14 and 0 · 20 per cent. 
are the r ule r ather than the exception. Similarly crude protein 
figures seldom fall below 7 · 0 per cent., most values fluctuating 
between 7·0 and 10 ·0 per cent . Phosphorus values for Areas 11 and 
18 are somewhat lower than and protein values ou t he whole of a 
similar magnitude as those for the other " bush veld · ' areas. 

The differences in regard to phosphorus and protein contents of 
the pastures in the 18 different areas are most pronounced between 
those areas elassified as " g rass land " and those in which bushes 
predominate in the pastures. \.Vhereas in the lastmentioned areas 
the phosphorus content of the pastures fluctuates behveen about 0 ·12 
and 0 · 20 per rent. and the protein between 7· 0 and 10 · 0 per cent. in 
the course of the year, the percentage of these constituents in samples 
composed of g-rasses only fall from peak values around 0 ·14 per cent. 
phosphorus and 8 · 0 per cent . crude protein during summer to as 
low a s 0 · 05 per eent. and 3.3 per cent, respectively, in the dry 
winter months, corresponding with a change from green and succu­
lent to dry and brown pasturage . Furthermore, the low values in 
t h e grass pastures pen;ist for a consider able part of the year. In fact, 
speaking generally, phosphorus values are below 0 · 10 per cent . 
and protein less than f> · 0 per cen t. for t hree to si:x months of the 
year depending- on the area. From a purely qualitative point of 
view, taking chemical composition as t he criterion it seems warranted 
to conclude that bush pastures are superior to grass p astures under 
our climatic conditions. However, a conclusion based only on t h e 
qualitative indic-es of pastures eannot und er all eircumstances be 
accepted as fimtl. The problem of the quantity and density of edible 
herbage avail able and that of the type of animal to be gra :.~ed on 
the pastures must n ecessarily be taken into consideration. In this 
connection it may be mentioned that the pastures of Areas 13, 14, 
15, 16, 17 and 18 classified botanically as " desert shrub " are best 
grazed hy sheep, the small karroo bush es which are the main stay 
of these p astures , especially during dry seasons, being not so suitable 
for cattle farming. · On the other hand, the natural g rasslands of 
the nort h ern provinces a nd Natal may be ut ilised for both cattle 
and sheep. On the whole it may he expectecl th at these grass 
pastures will yield more food per unit of area than will t h e bush 
pastures of t he Cape Province. In general it may, therefore , he 
stated that an animal will require less time and a sm aller area to 
fulfill its daily Tequirements in regard to t h e amount of food needed 
on grass than on " bush " pastures. 

A study of the average phosphorus and protein values for each 
of the 18 ar eas separately reveals differences in the qu ality of t he 
pastures not only between th e two m ajor g-roups " grass " and 
" bush " as indicated above but a lso within each of these two main 
types of pasture in the Union. 

Areas 1 to 5 comprise practically the whole of th e tall grass 
a rea ly ing east of the Drakensberg escarpment and the coastal belt 
stretching f rom East I~ondon northwards . Of these areas numbers 
2 and 5 , both including a portion of t h e coastal belt, may be con­
sidered to be superior to Areas 1, 3 and 4, as judged by the average 
phosphorus and protein con tents of t he pastures. In t h e case o£ 
phosphorus the graph s show that not only are the maximum values 
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obtained for t h e summer mont h~ l1igher in t he p<t ~t u res of ~t\rea s :2 
and G than in t hose o£ Areas 1 , 3 and 4 but also t he minimum values 
for the winter months are apprec iab ly higher in the former than in 
the latter set of areas . The average protein va lues in Areas 2 and 
iS are likewise better than t h ose in Areas 1, 3 and 4 in that the wint('r 
averages do not fall to s uch low l eYels . It shmdd be m entioned 
t hat a fair percentage of bushe,; " ·ere present in the samples f rom 
Area 5. 

Of th e r emaining t hree areas ~itun ted in t he t,Ypically gra~slallll 
regions of !he F ni oJt , vi;~,. Areas 6, ';" and 8 , the la~t t\10 a r eas may be 
taken to he pradicaJly th e same as .Areas 1 and 3 11· ith refer ence to 
the average phosphorc1s and protein figures of t he pastures £rom 
January to D ecember. On tb r oth er haud , Area G, comprising a 
stretch of country which iuclud<·s a p ortioll of the north-eastern Cape 
and eastern half of th e Orange Free Sta t t• shows a defiuite improve­
ment in compariRon with Areas 7 and 8, phosphorus and prot ein 
valu es being on :tn c1Yerage higher both durin g t he rainy and dry 
sen son s. 

Areas 9 , 10, 11 and 12 ;He s itu ated pra r tica ll:y wholly in the 
Parklanll r egion of South Afri ca . ,\Jlthough this region .is ch nracter isr<l 
bo!nni<·ally as " open "~oodla nd and on· hard count ry of eYergreen and 
decidum.J,; tree and bush , open "·oodland country of suptropir-al e1·e1·­
green an<l <leciduouR tree and thorn forest, and thorn c<nml ry " (Pole 
.Evans, 1936) the ,;a ntples of e<lible pasture forwarded from the a reas 
situated in this region were con1pose<l mainl~r of gras,.;es . 'I'he position 
in regard to t he phosphorus a nd prote in conten t of the samples hom 
Areas 9 , ll and12 is no better t ha n t hn t in, fo r in sh111 re, Are:1 7. H e re 
again, however, an improYemen t .is noticeable in the (·;Jse of Area 10, 
comprising the Letaba and Zoutpansberg· di str.ieis . Abou t one-si xt h 
of the sampl es from this a rea were composed of e \·ergr <een dec iduous 
tree a nd bush , an rl this rircumstan ce, no doubt, \\·as respousible for 
hig'her aYerage pho~phorus aud p1·otein figures a'lth ough th e improYe­
mPnt in the protein Yalues are not su ch as to wa rrn nt spe('ialmen tion . 
It is to be noted, hn iYeYer, that in tlw case of Are;J 12 c01·erin g t he 
Mafe king, Vry lJtH'g, Runull cm nn<l Barkley \\yest <listr irts a nd 
sittwte<l in t horn countr,v \Yith an i.nfiHration of ])eseJ't ~hruh , tl1e 
presence of about one quarter of t he total sam ples analy.-;ed in t he 
form of bush whilf: improving the average protein fi gures from 
January to De('ember did not m a teri a lly impr<rn: t he phosphorus 
figlnes "~hen compared ''"ith nn e:--:clu,;ive gT<~ sC>land region like Are;J 
8. The lo"· va:lues obtaine<l fm t h is area in ,; pil e of" fa ir admixhne 
of h1sh es in H1 e S<lmplP~, an a<lmix t ure "~ hi(' h in all oth er cnses 
r esul ted in hig her ph osphorus Yalue,; , hear ou t thr know n pn: valleru·e 
of LaJn siPHe on the natural pasture,; of this region. 

Of !he remaining six areas liUillber s ] :~, 14, I .) and 16 lil" 
r.:xdusiYely in the D es<>rt S h ruh region \Yh ile th e vegetation of A re;h 
17 and 18 covering tlw north wpc;tern portion of t he C'<~pr Province is 
mainl.Y composed of rleser t su rculen t s an d <lesert g rass. 'l'lw 
p hosphorus figures fr.r t h e latte r 1 ITO areas are as previously pointPd 
out Jo11·er than those for t he ])esert Nlnuh region but a1·e neve rt he]psc; 
better than the figures for p urely gra~;slalld areas . The s uperiority 
of t he Desert Slll'ub to the grassland count r.v with refere11 ee t·o th e 
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p hosphorus and protein contents of its pastures has already been 
referred to. It r emains only to point out t h at judging from t he 
graphs depicting average phosphorus and protein figures Area 1--± is 
somewhat better than Areas 13, ] 5 and 16 . 

From a purely qualitative ]_Joint of vie" , i.e . , judging from their 
p er centage content of the essential nutrients, phosphorus and protein , 
the natural pastures of the Fnion may, therefore, be provisiona lly 
divided into t hree categories, viz., those low in phospho1 u s and protein 
~~ second group sho,Ying nwdium values, and, la stl y, those pastures 
containing comparatively high percentages of phosphorus and vrotein 
when judged by SoutJ1 African standards. Areas 1 , 3, -±, I, H, 9, 11, 
and 12 which includes t lu- g-reater part of the Grassl ::wd rPg-ion of thl-' 
Union may be classifie1l in the :first categ-ory, i .e . , l o11- Yc11twci for 
phosphorus am1 protein ; Areas 2, 5, G, 10, 1 I :md 18 comprising a 
part of t he Tall Grass area the majm· portion of th e Short Grass 
region, and the whole of the D eser t ~ucculents and Desert Grass 
a rea would fall under metlium pastures, and finalily tl1e Desert Shrub 
area which has been divided into Are<ts 13, 14, 15 and 16 may be 
considered to be comparatively high in phosphorus ancl pro teill. Such 
a division, based as it is ou ch emical analyses alone, does not of 
course, finally determin e the economic value of the seYeral pastural 
regions for t he production of livestock. As previo usly stated the 
amount of food available to t h e animal in a given :nea is a factor 
of paramount importance . In t his connection it is of interest to record 
that according to Pole-Evans (Zoe. cit) in t he Desert Shrub and D es'ert 
Succulent r egion,'> " the plants are always widely spaced in bare soil " 
while for instance in parts of the 'l'all Grass area the grasses form 
" a dense co1·er and a uniform swan1 " . Thus au animall on a farm 
in Namaqualand (Areas 17 m- 18- medium P and protein ) may die 
f rom starvation whilst an animal on a farm in the Dundee district 
(Area 1- low P and protein in winte1:) may merely f;Uffer a temporary 
f'et back due to a rl eficiency o£ protein and phosphorus in an otherwise 
adequate diet. 

In an y case, t here is no doubt that whil e g-rasses show fa ir 
figu,res for phosphorus and protein during the period of actiH• 
growth assoriated with the rainy season t h ese values drop to extremeh 
l ow l evels after the cessation of the rains into the cold winter month~­
On the oth er h and, while they are undoubtedly influenced by t h e 
Iainfa'll, trees, shrubs, and other edible h erbaceous plants clo not only 
appear to be on the " ·hole richer in phosphorus all(l protein than t h e 
g-rasses but t hey r etain t hese nutrttive constit uents to H g·rent extent 
even in t he absence of rain. 

B efore pa ssing on t o a consideration of t he oth er ('{Jl1stitueJJ ts 
determined it will be interesting au fl instru ctive to devote some spar·e 
to a brief di scussion of t h e grmvth requirements of cattle and ,sh eep 
for phosphorus and pr·otein in the light of the available information 
on the subject ancl with referen re to the amounts Df the said con­
stituents present in South African natural pastures as sh own in t h e 
present report. 

In order to assess t he Yalue of t h ese pastures as sources of 
p hosphorus and pr·otein for the g-rowing an imal it is n ecessary to 
know, apart from the ch emical data here presented, t he requirement 
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of the animal for the nutrients, the amount of <lry matter it will 
consume under grazing conditions, and the extent to \Y h ich the anima•l 
organism is able to utilize the ingested nutrients. 

It is not necessary to review the literature be<uing on the subject 
of the mineral requirements of animals as this ha;; been ably accom­
plished in a recent bulletin by Mitchell and McClure (1937). In 
connection with the calcium and phosphorus requirements of cattle 
as given in the !literature the authors remark that " the results 
summarised (above) are peculiarly incomplete a nrl contradictory ". 
For instance, the phosphorus requirement for growth as a percentage 
of the ration fed ranges frmn 0 ·1 to 0 · 26 per cent. in the said 
summary of data from the literature. In the publication r eferred to 
Mitchell and McClure estimated the daily feed phosphorus require­
ment of growing Holstein-Friesian cattle (female) at about 10 gram,; 
phosphorus and that for growing beef steers at about 12 grams feed 
phosphorus per clay, 70 per cent. of which represents t he net phos­
phorus requirement of these animals. Froltl their experiments at thi,; 
Institute Theiler et al (1rl37) concluded that 10 grams feed phosphorus 
daily are adequate for normal growth and development in the case 
of high-grade Friesland heifers and steers. The figure for the daily 
phosphorus intake of Merino sheep, viz. 1· fJ:) grams, on which the 
animals made excellent gains in weight iu the experiments d <lu 
'Ioit and co-workers (1930, 1932) is essentially the same as that 
(1·46 grams) estimated by Mitchell and McClure (Zoe . cit.) as the 
teed phosphorus requirements of growing Shropshire sheep. Du Toi1 
and collaborators could not register an improvement in the perfornJ­
ance of the sheep by increasing the daily phosphorus intake to 2 · !-J2 
grams and they consequently concluded that " it i s practically certain 
that a daily intake of about 1·53 grams phosphorus is nearer the 
optimum amount of phosphorus for growing sheep than an intake of 
2 ·92 grams per day ''. 

According to the data developed in a Report by Mitchell (1929) 
on the minimum protein requirements of cattle the daily require­
ment of digestible protein by growing Hereford-Shorthorn calves is 
estimated to decrease from 0 · 67 lb. (304 grams) for an animal of 
200 lb. live-weight to 0 ·56 lb. (254 grams) for one weighing 800 lb. , 
OJ' 604 and 508 grams feed crude protein, if the digestibility is taken 
at 50 per cent. for the two live-weights, respectively. Smuts and 
Marais (1938) studied the endogenous nitrogen metabolism of the 
Merino sheep and from their data they calculated the maintenance 
requirement for protein. In terms of digestible protein the main­
tenance requirement for a 100-lb. sheep accordino· to these workers is 
23 · 0 grams which expressed as feed protein, assuming a digestion 
coefficient of 60 per cent., become 38 · 3 grams. For normal growth 
the animal will naturelly require an additional amount of protein. 
Unfortunately no experiments have up to now been cond't1eted in this 
country with the object of determining the optimum protein require­
ment for growth of the Merino sheep. In the experiments of du 'l'oit 
and co-workers already referred to and which aimed at an estimation 
of the phosphorus requirements of growing sheep the daily feecl 
protein intake of the animals was approximately 68 grams. Since 
those animals in the experiment whose claily phosphorus intake was 
1· 53 grams were reported to have made satisfactory gains in weight 
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and to have been in excellent condition at the conclusion of the 
experiment it seems warranted to u tilise the protein intake of these 
animals as a basis for assessing the capacity of South African pasture;; 
to fulfil the protein requirement for growth of the Merino sheep. 
Compared with, for instance, the figme of 1 i lb. of digestible protein 
per week as the requirement for growth and fattening g1ven by 
Wood and Woodman (1932) the figure of 68 grams feed crude protein 
per day must be looked upon as a gross underestimation of the protein 
requirement for normal growth. However, as will become evident 
presently, any figure for the growth requirement which is higher 
than the maintenance requirement will suffice to illustrate the shor1-
comings of South African natural pastures during certain season s of 
the year. 

Very little information is available on the amount of dry matter 
different classes of stock will consume while grazing on the ope11 
veld. Garrigus (1934) reported figures for the dry matter consump­
tion of grazing steers ranging £rom 10·2 to 25 ·8 lb . with an average 
of 16 lb. per day. Smuts (1939) applied the same method as that 
employed by Garrigus to gTazing sheep ana found an average daily 
dry matter consumption of 660 grams for a sheep weighing between 
60 and 70 lb. In view of this finding and in the light of the figure,; 
given in the literature (see Mitchell and McClure f loc. cit/) for the 
dry matter requirement of growing sheep it seems safe to assume that 
a 100-lb. sheep will consume 900-1,000 grams of dry matter under 
grazing conditions. 

The following estimations, then, of the daily requirements of 
growing sheep and cattle for phosphorus and crude protein in terms 
of feed phosphorus and feed crude protein and the amount of dry 
matter th ey will consume under grazing conditions will be used as 
criteria for judging the feeding value of South African pastures 
during different seasons of the year:-

Crude Dry 
Species. Live-weight. P rotein. I hosphorus. Matter 

Consumption. 

------ -
n,. Grams. Grams. Grams. 

Cat,tlc ..... . ... . . . . . .. . 800 :;oo 10·0 7,300 

Sheep . .. . ... ... . 100 70 1 ·5 000 

Employing the figures given above for tht dry matter cunsump­
tion of grazing cattle and sheep and those describing the average 
phosphorus and crude protein contents of the natural pastures in 
Areas 1 to 18 presented in 'l'ables 2 and 3 figures showing the esti­
nlated intakes of feed phosphorus and feed crude protein of cattle and 
sheep on natural veld, for months and areas separately, have been 
calculated. The data thus obtained are given in 'l'ables 4 and 5 for 
cattle anrl in Tables (i and 7 for sh eep. 
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FEEDING VALUE OF PASTURES IN SOUTH AFRICA. 

Since the phosphorus and protein contents of the pastures in the 
respective areas and in the course of the year have already been dis­
cussed it remains only to focus attention on a fe,v outstanding features 
in connection with the :figures giving the estimated intakes of animals 
on these pastures with reference to their requirements for growth. 

A study of the relevant data in Tables 4 and 6 reveals that during 
the whole year both cattle and sheep ,;eldom ingest sufficient phos­
phorus for maxirnum growth on the pastures of Areas 1. 3, 4, 7, 8, 
9, 11 and 12. During the summer months when the veld is usually 
green and succulent the deficiency on the required intake, especially 
in the case of cattle, is, however, small and may for this reason and 
in view of the approximate nature of the figure (10 grams phosphorus) 
representing the requirement for growth be considered as negligible. 
On the other hand during ·winter when the veld is dry and brown the 
intake sometimes falls to as low as only 40 per cent, of the require­
ment for growth, a deficiency w·hich cannot exist without serious 
consequ ences to the well-being and production of the animals . This 
sub-optimum intake of phosphorus appears to be more serious with 
sh eep than with cattle in the areas mentioned . It should, however, 
be mentioned that the majority of samples from these areas were 
collected by following cattle, and since sheep can be expected to 
graze more selectively than cattle are able to do the phosphorus 
content of the samples may probably have been somewhat higher had 
sheep been followed with their collection. 

Pasging on to the set of areas, vi7.. Nos. 2, 5, 6, 10, 17 ctnd 18, 
classified earlier in thi~ discussior. as " medium " with regard to 
the phosphorus and protein contents of their pastures u definite 
improvement in the phosphorus nutrition of cattle and sheep on 
these pastures is indicated as judged by the estimated intakes. Not 
only art> the pastures able to provide the optimum reCJuirement for 
g-rowing cattle for about :five months of the year but also during· 
the dry season which corresponds with winter in most areas the 
intake is not as low as indicated for tbe first mentioned ~Pries of 
areas . 

A g-lance at the :figures giving- the estimated intakes of phosphonlR 
on the pastures of areas, Nos. 13, 14, 15 and 16 sho"·s that an intake 
below the optimum requirement for gr-owing cattle and sheep occ1uR 
but seldom in the course of the year. Provided sufficient food is 
available on the vel d the chances of animals suffering- hom a "Phos­
phorus deficiency on these pastures seem to be remote. 

In general, the remarks made in connection with the phosphorus 
nutrition of cattle and sheep on the pastures of Areas 1 to 18 apply 
equally well to the intake -of crude protein on these pastures. Except 
for Areas 13 to 18 where the estimated intake of crude protein falls 
at the outside during three months of the year below the estimated 
requirement for growth the crude protein content of the natural 
pastures of the Union are for periods ranging- from five to nine months 
of t he year, depending on the locality, so ]ow that growth is either 
seriously retarded or temporarily stopped. In fact, if the feed crude 
protein maintenance requirement of sheep is taken to be 46 · 0 grams 
[Smuts (Zoe. cit.) gave this requirement ns 23·0 grams digestible 
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~rude protein ] an inspection of T able 7 reveals that on some of the 
grassland pastures the intake of this nutrient may be for seYeral 
month s during winter belo"- the requirement for maintenance . 

'l 'he phosphorus and protein contents of the natural pastures of 
Sou t h Africa during summer and winter, respectively, have recently 
been presented as coloured charts in popular fashion in an article in 
Farming in Sov.th Afr£ca (June, 1940). These charts are included 
in t he appendix of this report as t h ey present at a glance the out­
standing features in the nbove discussion. 

Average va lues for summer and winter have been calculated ancl 
presented in separate charts; " summer " denotes the period 
November to April- being the period of greatest food abundnnce­
and " winter " extends from May to October, or t he period of food 
scarcity, generally ~peaking. 'fb e key to the coloured charts is 
given in the following table:-

Colour. 
Percentage 
Phosphm'US 

(P) in Pasture. 

Percentage Protein 
in Pasture. Remarks. 

Red .. . . . 
Light R ed . 

Yellow . . 

I Less than 0·09 Less than 4·5 
0·09 to O·ll 4·5-5·0 

O·ll to 0· 14 IHl- 7·0 

Pale blue. ... . . I 0·14 to 0·18 
Dark blue. ........ More than 0 ·18 

7 ·0- 9·0 
More than 9 · 0 

J 

} I 
Below requirements 

for growth. 

Limited growth. 

} 
Sufficient for normal 

growth. 

It shou ld again be emphasized t h at in judging the econ omic 
valu e of the pastures in the respective areas as delimitated in this 
report the question of the ava ilable feed supply should not be lost 
sight of. For instance, the estimaterl intaJ<e of crude protein on the 
pastures of the KortlHvestern Gape (A reas 11 and J S), a region with 
au average rainfall of only 5 inches per annum, seldom is below the 
estimated requ iremen ts for growth, but, on the other hand , it is a 
matter of common experi ence in this region t h ai animal:-; die at 
times from sheer starvation ; the amount of food nYailable heromeK 
the limiting factor. 

T o conclude these remarks on the phosphorus a,nd protein contents 
of our natural pastures in relation to the n eeds for growth of <lllimals 
reference m ay be mad e to th e fact that the requirements for growth 
only of a 800 lb. bovin e and a 100 lb . sheep have been chosen as the 
basis for assessing the feeding Yalue of the pastures. Younger 
animals may be expected to consume less dry matter than the amouu ts 
taken to be t he capacity of the above-mentioned animals, so that, 
assuming the growth requirements to be the same, it will m ean that 
the p ercentages of phosph or>.1s and crude protein in their diet should 
be higher t h an in that of older animals; a circumstan ce which will 
r esult in the shortening or t h e total absence of a period of optimum 
growth in t h e case of younger stock on our natural pastures . ~imilar 
Temarks are valid in the case of pregnant or lactating animals in 
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that amounts of phosphorus and <:rude protein superimposed in 
many cases on the requirements for oTowth have to be allowed for 
in the ration. In any case, from ,;ha t bas been said it is clear 
that most of the natural pasturetS of this country should he either 
unproved o~· supplemented during the greater part of the year to 
ensure contmunu~ production by animals . 

(:J) CALC ITM .\NJ) }[.~(; NESJTM. 

U ulike !Jhospborus and protein the averages for calcium awl 
magnesium given in Tables 8 and 9 fluctua te only slightly fron.1 
month to month. rrhey show ' however, no definite tendency aud 
remain in genera] fairly constant throlLghout the y ear. As in th 
case of phosphorus and protein the major difference with refer ence to 
the calcium and magnesium contents of the pastures of the Union 
is encountered as one passes from the all-grass to the mixed and all­
bush pastures, the latter veld type being invariably richer in both 
calcium and magnesium than the first mentioned type. This cucuru· 
stance is consequently held responsible for gTeater mont h to month 
fluctuations in the percentages of calcium and magnesium in area s 
where the samples were composecl of varying- amounts of hushes and 
grasses. 

'rhe ealciunt figures for the grassland Areas 1 to 8 fl.uctuak 
around 0·30 per cent. and the magnesium values around 0·14 per 
cent., except for Area f1, with a fair admixture of bushes in the 
,;amples analysed whieh showt; hettf·r values for calcium t han any 
of the areas mentioned, values fluctuating between 0 ·34 and 0· 40 pP•· 
cent. from January to December, and Area 4 in which the monthly 
averages for calcium vary hetwee11 only 0 · 22 and 0 · 31 per <:en t. with 
an annual average of a bout 0 · 2fJ per cent. Compared with data 
from the British Isles, these figures for Ca are definitely low. In 
fact they may he compared with the figures obtained for " not eaten " 
herbage of the Scottish hill pastures (Godden , 1926) a statement which 
should, however, not be taken to imply that these South AfrH·nn 
pa~tures are deficient in calcium. 

Areas 9, 10 and 11 situated iu the Parkland region of the 
Transvaal show higher figures for the two constituents under discus­
sion in comparison with the typical grasslands of Natal and tht· 
Orange Free State. Average monthly values fluctuate on a higher 
plane and the annual averages for calcium in the case of t h e three 
areas are 0·42, 0·48 and 0·40 per cent. , respectively. :Mag-nesntnl 
values, also, are higher, being around 0 ·18, 0 · 21 and 0 ·19 on a 11 

aver age for the three areas. 

The pastures of the remaining seven Areas 12 to 18 compri,.;mg­
the Desert Shrub region of the country may be considered to be rich 
in (:aleium and magnesium, the figures being comparabl~ to those 
for cultivated pastures overseas. Corresponding on the whole with 
flU increasing nnmber of samples composed of bushes only (see tables 
in appendix) in the total number analysed the calcium and magnesium 
figures rise steadily from Area 12 to Area 18. There are, of 
course, fluctuation s in the average monthly values in each area hut 
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as these appear to show no definite tendency the annual average, 
i.e. the mean of the twelve monthly averages is taken as t he criterion. 
The calcium figures cal culated in this manner are 0·60, 0·59, 0·63, 
0·86, 0·92, 1·00 and 1 ·05 for Areas 12, 13, 14, 15, 16, 17 and 18, 
respectively, while the magnesium values are 0·21 , 0·25, 0·26 , 0·32, 
0·31, 0·37 and 0·31 in corresponding order. The calcium content 
of the Desert Succulent and Desert Grnss pastures of N amaqualand 
(Area 18) in the west is thus seen to be about four times more 
than that of the Tall Grass pastures around Pmt Shep;;tone in the 
southern part of Natal on the East Coast of South Africa. 

Mitchell and McClure (Zoe. cit; ) estimated the feeJ ealc ium 
requirement for growth of a Holstein-Friesian heifer weig-hing 
SOO lb. ut 7 ·1 grams aJHl that of a g-rowi11g beef steer of th P same 
weight at 10 · 4 grams. Pasture containing a minimum of 0 ·] 4 per 
cent. calcium on the basis of the dry matter is, therefore, ner:essitated 
by the calcium requirement for growth of a 800 lb. beef steer 
consuming Hi lb. dry matter per day. The necessary percentage of 
calcium in the feed would agam be higher in the caRe of younge1 
animals si nee on the one hand the daily feed calrin1u r e(Juiremen t 
itself is higher and, on the other hand, younger stock may be 
expected to consume less dry matter. 'l'h e feed cnlr:ium re(Juirement 
of a pregnant Holstein-Fresian cow weighiug 1,000 lb. is given by 
the same authors in terms of the average for the whole gestation 
period as 11·8 grams per day. Also, a lactating animal of the same 
weight producing 2 gallons of milk per day will require 19 · G grams 
feed cal cium including its maintenan ce requirement. 'l'o ingest the 
necessary amount of calcium the lnHer animal will, therefore, have 
to consume 16 lb. of n ration f'nnlaining 0·27 per cent. calcium. 
Finally , the necessary calcium content of the dry ration for g-rowing 
Shropshire sheep is estimated to vary between 0 ·11 and 0 ·17 per cent., 
depending on the age and sex of the animal. A comparison of the 
estimated requirements given above in terms of percentages of the 
dry ration with the averag-e calcium values for South African 
pastures presented in Table 8 indicates that cattle or sheep 
grazing on these pasture;; are not likely to c;uffer hom a calcium 
deficiency as such if milk production remains motlera te. A cow 
producing more milk than thr> amount (2 gallons) stated will 
naturally require more calcium in its di et. 'fhe calcium content of 
some pastures (e.g. Area 4) may he considered inadequate to tulfil 
the higher c1emand for calcium, but, on the other hand, siucp the 
production of milk will in any case be seriously curtailed by a 
deficiency of nutrients such as phosphorus and protein in most 
pastures calcium cnnnot in the first plaee be considered a lirniting 
factor in milk pro<ludion on South Afriran natural pa,;tnres. 

According to du Toit and associates (1934) it is doubtful whether 
a deficiency of magnesium will ever occur in the diet of animals 
on pasture. These authors were a hle to lower the magnesium content 
of their basal ration to 0 ·11 per cent., but the amount of magnesium 
ingestefl. with this 1·ation waR at least five times t he amount of 
magnesium secreted in bYo gallons of milk. Reference to Table 9 
shows that the magnesium content of South A fricall pa stures rarely 
fa lls below 0 ·1 0 per cent . 
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P. J. DU TOI'.f , J. G. LOUW AND A. I. MAI,AN . 

(4) PoTAssru M , SoDIUM, AND CHLORIKE. 

The remarks made earlier in this discussion 'vith reference to 
the trend of the phosphOl'us and protein averages of pastures in the 
course of the year may with equal justificahon be applied to the 
monthly averages for potassium and chlorine given in Tables 10 and 
12, and to a l t>sser extent to t he sodium figures given in Table 11. 

Commen~:i ng with tlw averages for samples composed a lnw~t 
exclu sively of gr asses an inspection of the relevant tables r eveals 
th at potassium and chlorine reach their hi ghest levels in the dry 
matter of the grasses in November, December or J anuary correspond­
ing with the months of highest r ainfall and the period of most active 
growth . After January as the r ainfall becomes less and the grasse,; 
tend to l!lature, the percentages of these constitu ents under go a 
gr adual decrease until the lowest levels for t he year are reached 
during the dry and cold winter months-June , July and August, 
after which a gr adual incr ease to the peak values mentioned above 
sets in. Sodium figures fluctuate somewhat irregularly from month 
to month but in general the tendency for lower values during the 
dry " ·inter months as compared with the rainy season when values 
are higher is neverthele,;s appar ent. :Maximum aYerage mon thly 
figures for potassium in Areas 1 to 12 vary between 1· 32 and 2 · ;n 
per cent. , and for chlorine between 0·32 and 0·59 per cent. The 
corresponding minimum averages obtaining during winter range 
from 0 · 29 to 0 · 63 and 0 · 06 to 0 · 22 fOl' potass ium and chlorine. 
respectively. 

The rangt> values gi.Yen above for the highest a nd lowest figures 
obtained fo1· the pa stures of .Areas 1-12 serve t o indicat e that t her e 
are differences in the monthly ave1·ages of the pastures of individual 
areas in respect of potassiu m and chlorine . 'fhus the lowest average 
maximum figure for potassium occurs in the samples for December 
collected in Area 4, w·hile Areas 3, 7 and 8 show th e lowest aym·age 
minimum values for potassium. On the other hand th e pastures in 
Areas 6, 9 , 10 and 11 are on t he whole somewhat rich er in potassium 
than any of the other areas from K o. 1 to 12. Chlorine valu es, again, 
are highest both in r egard to average minimum and maximum values 
in the pastures of A.rea s 2 , 5 , 9 ancl 10, while Area s 1, 3, 7 and 8 m ay 
be consider ed to be poorest in this constitu ent. 

'fhe grassland pastures are considered to be generally poor i n 
so<lium. In Areas 1, 3, 6, 7, 8 and 12 maximum values never exceed 
0·08 per cent ., while in the dry winter m onths t h ey drop on au 
average as low as 0 · 01 per cent. A slight improvement is shown 
in the average sodium figures for Areas 9, 10 and 11 in the Parklanll 
region of the Transvaa l , while an appreciabl e incr ease in t h e figures 
for Areas 2 and 4, bordering on the coast of N atal , and Area 5 in 
t h e south-eastern part of the Cape is indicated . In Area 2 the 
average monthly figme drops only once (in Aug11st) below 0 ·10 per 
cent., ranging for the other months between 0·12 and 0· 20 per cen t. 
I n Areas 4 au cl 5 the monthly averages vary behYet>n 0 ·10 and 0 · 20 
per cent. and 0 ·14 and 0·25 per cent. respectively. 

Passing from the a ll-grass or predominantly-grass pasture areas 
to the grass-bush or all-bush pastures of t h e Desert Shrub and Desert 
Succulent regions t he percentage contents and monthly fluctuations 
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of the three constituent:-. under discussion undergo certain changes. 
To commence with potassium, although there is a tenden<',V for this 
element to be lower during the months of least rainfall, i t remains 
comparatively high throughout t he year in the pastures of Areas 13 
to 18. I n fact, except for t h e months June, September and October 
in Area 13 potassium figures never drop below 1· 00 per cent . . and 
ahout 70 per cent. of figures range from 1·40 to 2 ·00 per cent. Sodmm 
and chlorine figures fluctu ate on the whole in a most inegular manner 
but never drop to the low levels indicated for some of the grasslanrl 
1neas. The pastures of Areas 13 and 14 do not difter much in sodium 
and chlorine content hom those in· Area 0. In the pastures of the 
r emaining four areas, viz. Nos. 15, 16, 17 a nd 18 of the D esert 
:Shrub and Desert Succulent regions both sodium and chlorine fig ures 
are on the whole exceptionally high. More than 60 per cent. of 
the average monthly sodium values range from 1·0() to 1·8G per cent. , 
\Yhile only about G·O per cen t . of the values drop below 0·60 per cen t. 
surlium. Also, the great m ajority of chlorine figures exceed 0 · 70 per 
cent. and some of these rise to as high as 2 · 20 per een t . in the dry 
matter of t he pastu res . 

The grasses have been showu to be 011 t.lw whol e extrt>mely poor 
in sodium throughout the year , while chlorine values also are some­
what low, especially during- the dry winter months. The higher 
values obtained for both elements in the pastures of Areas 1[>, l(j, 17 
and 18 must therefore be ascribed to the sh rubs and other h erhneeous 
plants present in the samples from these a reas . However , t hat shrubs 
nr· bushes are not always rich in sodium and chlorine j ,; soon rea lised 
from an inspection of the tables in the appendix giving the ana lyses 
of individual sampl es from Areas 12, 13, and 14 where man:v " hush " 
and " bush and grass " samples were collected . 

From remarks made in the oft quoted bulletin by Mitchell arul 
)fcUlure (Zoe. cit) i t appears that 25·0 grams of potassium daily is 
more than enough to carry ealves through growth and gestation . Also, 
in the light of work done at this Institute [ 'l'heiler et al (1927) , 
du 'l'oit et al (1934)] it would seem that 32·0 grams of pota ~sium i~ 
adequate for the production of 2 gallons of milk daily , although 
18 · 0 grams are secreted in t h e milk. The requirements of growing 
cattle for sodium and chlorine are considered very low, about 
1 · 5 grams of sodium and less than 5 · 0 grams of chlorine per flay 
being taken to he sufficient. Finally, i t was provisionally suggested 
that 14·0 grams of chlorine was sufficient to provide for the daily 
secretion of 2 gallons of milk and that this amount would also be 
enough for growth and gestation. 11·0 Grams of sodium a pparently 
sufficed for the normal production of the same amount of milk per 
day. 

Assuming again an avemge dry matter consumption of 16 lb . 
per day it would mean that the dry matter of the ration of a cow 
producing 2 gallons of milk per day should <·ontain 0 · 45 per cent. 
potassium and that of a growing bovine 0 ·34 per cent. Reference 
to 'l'able 10 showing th e average potassium content of South African 
pastures inflicat.es that the probability of a potassium fleficieney in 
animals gTazing· on th ese pastures is indeed remote. 
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Similarly, the necessary percentages of sodium and chlorine in 
the ration of growing cattle should be 0 · 02 and 0 · 07 per cent., and 
in that of cows secreting 2 gallons of milk daily 0 ·15 and 0 ·19 1wr 
cent. , respectively. An in ;;pection of the relevnn t tables describing 
the average percentages of sodium and chlorine in our pastures 
reveals that i-hr requirements of growing cattle for chlorine \Yill 
at all times lw met by Hi lb. of pasturage, while in :;ome areas and 
then only for a few mont hs flm·ing thr <rry season tlw chlorinr intake 
on Yeld alone ''"ill not be suffi cient for t he production of 2 gallons of 
mille On the whole sufficient soclim11 will be ingested witl1 16 lb. 
of pasturage (dry matter bnsis) for the 1·equirem ents of growing 
cattle. 'l'he so(lium content of eRperially the grassland paRhne:> an .. 
extremely low (0 ·01 per cent. of the dry matter) duriug \rin trr , 
lower, therefore, than the n ecessary percentage for normal gro" ·th. 
But, sinre growth is in any case greatly retarde<l by a dt>ficieney 
of other factors (phosphorus and protein) the deficieu cy of sodimn 
durinp: the saicl period 1nay not in itself be considerecl serious. On 
the other hand, i£ the estimated sodium requirement in terms of a 
11ercentage of the ratiou of a cow producing 2 gallons of milk daily 
is considereil in rt>lation to the sodium figures giYen in Tahlr 11 a 
serious sodium deficienc~r is ~een to occur in the pastures of the 
Grassland Areas 1, 3, 6, 7, 8 ani! 12 throughout thP 11·holt> year and 
in those of Areas 9, 10 and 11 during winter. In a 11 oiher areas 
th e pastures contain suffi cient sodium for the requiremenhl of lactating 
animals . 

(:)) C[{UDJ' FTnRr. ANn Sor.cm.E .-\sH. 

The pereentag·e content and variation of the irHlivi<lnal 
constituents of the ash of the pasture samples from month to month 
il.iscussecl in the preceiling pages shoulil. naturally be reflected in the 
figures for the total soluble ash given in Table 14. Individual 
constituents present in the greatest amount and suhirct to the greatest 
-fluctuations will largely determine the content and variation in the 
avera"'e values for soluble ash. That this is so is evident from a 
study of the average percentages for inil.ivi<lual constitu ents and 
soluble ash given in Tables 2 and 3, Tables 8 to 12, and T able 14. 
rrspectively. 

Average monthly figures for n ude fibre, the last of the list of 
constituents determined, are IWPsenterl in 'l'ablr 13 . A g] an~:e at 
these fig·ures floes not revea l marked (lifferences in the crude fibre 
content of the pastures in one area from another, nor in thr monthly 
figures of any one area , the range of Yariation for all t l1 e month s of 
the :vea.r and all the areas being approximately 00 · 0 to 38 · 0 prr cent. 
Closer examination of the data., how eYer, justifies refrrenee to a few 
minor differentiating features in the crucle fibre contrnt of 11astures 
in th e course of the year a.nd in the YarimJS areas. In the first plaee. 
though flurtuating most irregularly reaching in percenb{\'e amount 
rlnring some months the higher limit indicated above for the paRtnres 
of the countr~r as a whole, the crud e fibre figures for the areas in 
the D esert Shrub and Desert Sncculent regions are somewhat ]o,ver 
than those for areas in the Grassland Tep:ions. Divirling the 18 areas 
i_nto three groups. viz. Nos . 1-12 (grass) , Nos. 13-16 (desert shnlb), and 
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FEEDING VALUE OF PASTURES IN SOUTH A:FlUCA. 

No. 17 and 18 (desert succulents al1<l deser t grm;s), and calculating 
monthly mean values for each group from the averages in Table 1;) 
results in annual ranges of variation of 34·6-37·2, 32·1-34·9, and 
31· 6-37 · 2 per cent. crude fibre for the three groups, r espectively . 
The calculated mean values given in Table 15 show the irregular 
fluctuatious previously r eferred to. However , in the case of t he 
Desert Succulent region values tend to be lower during the winter 
than during the summer months. Reference to Tables 2 and 3 reveals 
that both phosphoru:; and protein values, especially in Area 17 , are 
higher <lurin g winter than in summer , indicatmg herbage at a younger 
stage of growth for the winter months, and this circumstance again 
being r esponsible for the lower crude fibre values as iudicated abon'. 

The mean figures for crude fibre for the grass pastures of Areas 
1:-_~ given in Table 15 and presented graphically in Figure G 
together with the <-orresponding mean protein CUJTe to be refened 
to anon show a fairly well-d efined ;;easonal tende))(:y ,,·hich app:lies 
more or less to each of the individ ual g-rasshnd areas. The m ean 
figure is highest in August and then fall s gradu::~lly to a minimum 
value for the year in November and Decernber. After being at a 
slightly higher level during January, F ebrua ry, and :M:an-h the mean 
value drops to a second minimum in April after whi<-11 it steadily 
rises to t he maximum in August referred to above. This curve 
representing the mean crude fibre content of g-rass pastu res from 
January to December indicates in general thut in winter when th~ 
veld, as has been shown , is poorest in the f'ssenti.al nutrien ts, phos­
phorus and protein, it is at t·he same time more fibrou s and 
consequen tly less palatable than in th e summer wh en the percentag-e 
content of the nutrients m entione<l are at their high est levels for t he 
year. Furthermore, the curve ohtai.ne<l from the analyses o£ sampl es 
collected by following- animals is cousiderecl to be a fairly trlH-' 
reflection of the mann er in which one would anticipate how the 
grazing animal woullfl se lect i ts food from the available p asturage as 
the purely physical coudition tht'reo£ changes in th e course of th e 
year. Tn Aug-ust practically a ll grasses are bro,Yn and dried out; 
the a nilllal has no option and h::~ s to select its food from su ch pastures . 
The ingestion of pasture of a fibrous 11 ature is inevitable . From 
September thf' temperature rises, rain s begin to fall in light showers 
(c.£. Table 1) and a smaN amount of green succulent gro"·th becomes 
available to t h e animal , not, however. suffi cient to fulfil its require­
me nls ; it still has to gra;.:e on the old. grmdh as well. The amount of 
11ew growth in the meantim e inc reflses with in crea sing rainfall until 
in N<rvemher or Df'cember the auimall " ·ill be grazing on green 
pasture only. A g-radual decrease in the fibr f' con ten t of t he ingeswd 
foocl from August to Df'cemher may thus lw expecterl on n atur al 
pastures which h a ,·e uot been burnt earli er i11 the year. Except 
where a ~<-ientifie system of pasture manag-ement is practised or 
where the lJasture is oYergrazed, th e grazing animal ''"ill not be able 
to preYent the fast gro,Ying g-rasses from reaching the seeding stage 
of grovvth during the rapirlly g-rowing sf'ason of the yf'a l'. Wh ile t he 
pasture is still in a green and succulen t state th e animal willl g r aze 
during January, ]i'ebruary, ancl March freely on t hese fiowering and 
seeding g r11 sses which nevertheless contain a hi gher percentage of 
fibrous materi11l t lwn wn;; th(' <·ase in November and D ecember. In 
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J'BEDING VA L UE OF PASTU RES IN SOUTH AFRICA. 

April the grasses begin to dry out, some becoming hard and fibro u,; . 
111t h t he result that the animal i s bound to be more selective in ih 
('hoice of food than during the previous months ; long fibrous :>ten1 ,; 
" ith partially dry seedhea tls wiill be avoided and for a short time th t' 
m aterial consumed may be expected to be less fibrous than thfl t 
i.ngested in say, .January. However, with practically no more rain 
falling and with the onset of the cold winter months the grasses tun1 
brown and become dry, so that t he animal is in an ever increasing 
degree dependent on dry, mature pasturage from May to August, a 
circumstan ce which will naturallv r esult in an incr ease in the fibre 
content of th e food consum ed dur{ng t he said period. That t he c:nnr 
(Fig . 6) represen ting the changes in th e fibre content of t he samplt's 
t·ollected in the grass art>as (Nos . 1-12) conforms in general to the 
known seasonal chemical and physical changes of grasses but more 
so to the highly probabl e method hy which the animal will seltd its 
food from the available pasturage as outlined above is taken as a 
:>trong indication that the samp!les rollected for this mineral su rvey 
are representative of t h e food a ctually selerted h.v animals nr1 clf'r 
grazing conditions on n atural veld . 

In connection wi th the relatively small variation in the cn 1dr 
fibre figures in the course of t he year , for instance 34 · 6 per cer1t. 
for December to 37 ·2 per cent.for Aug-ust it should be pointecl ou t 
that " whilst . . . th e actual figure for crude fibre may be of a 
similar magnitude in two different herbage samples, t he L:hanges 
taking· place in t he structural material of plants with age will resul t 
in d ecreased digestibility of the crude fibre" (Louw, 1938). I n terms 
of digestibility erurlt> fibre t h e season al fluctu ations for thi s 
constituent in the pastures would thus he mueh greater tha 11 th ose 
indicated h_y the figures in '.T'able 15. 

( (:) ) .lNTEn RELATIONSHIP oF s mm CoNSTITUENTS. 

In view of what has been said when di scussing the r esults it mu~· 
be expected that a fairly close correlation exists among some of t lw 
constitutens determined, especially in the case of samples composecl 
exclusively or predominantly of g rasses . The following correlation 
coefficients calculated from the average monthly figures for t he 
samplles from three of the eighteen areas are representatiYe of grnss 
a nd of desert shrub veld: -

Correl(( twn ('oefji l'i fn t s. 

Grass D esert S hrub. 
J.rea 1. c4rea 14. Area 16. 

:p and protein ... + ·97 + ·GG + ·32 
P and Cl ... + ·92 + ·G5 -· ·30 
p and K ... + ·97 + ·81 + ·12 
Protein a ud K + ·92 + ·7(:) +·55 
Protein and Cl + ·92 + -~{[) - ·29 
K and Cl ... . .. + ·98 + ·43 - ·09 
Na and Cl ... ... + ·69 + ·69 + ·88 
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P. J. D U TOl'J.' , J . G. LOUW AND A. I. MALAN. 

These coefficients show for Area 1 (grassveld) almost perfed 
correlation for t he constituent~ as tabulated, with the exception of 
sodium whi ch , however, still sho\VS quite a significant correlation 
with chlorine. On the other hand , in Area 16 where samples com­
posed of bushes predominated t he onlly dose correlation is t l1 at 
between sodium and chlorine, all other correlations being insignifi­
can t. Area 14 where th e samples analysed m ay be divided into about 
equal numbers of grass samples and samples composed of bush es takes 
an intermediate position with regard to th e correla tion coefficients of 
the constituents. 'rhe coefficients range, in fact, from an insignificant 
(K and Cl) to a fairly close (:orrelation (P and K ). The inverse 
relationship between crude fibre nnd crude protein referred to in a 
previous pu Mication ( du Toi t et al / 1935 /) has been stati ticall y 
established by th e ralculation of the c:onelation coefficient of t he 
m enn monthly figures for these constituents in the gras.sveld region 
as a whole (Areas 1 to 12) . These mean values are presented 
graphically in Fig.() and the coeffici ent calcula ted , viz. - 0 ·77 shows 
a fairly close negative correlati on . 

Since it play,; under cer tain circumstances such an imporh111 t 
role in the mineral nutrition of farm animals it will be of in terf'st 
to devote some space to a consideration of the calci urn-phosphorus 
r atio in conjunction with t he percentage amount of these elements 
in t he pasture samples in the course of the year and in differen t 
regions of t he U nion. For this purpose the eighteen areas have 
been grouped as indicated in Tabl e 16, those sumewhat similar in 
r egard to t he ealcium and phosphorus contents of th eir pasttll'eS 
faUing within th e same group. From the average figures for calcium 
and phosphorus in Tables 2 and 8 those given in Table 16 for sets 
of a reas have been calculated . 

As may be expected in view of the seasonal fluctuations of 
calcium and phosphorus previously discussed the proportion nf 
calcium to phosphorus is greatest during the dry winter months in 
all gr ass pastures. In the first group (Areas 1 to 4 , 7, and 8) thP 
ratio increases from 2 ·19 in November to a maxim um of 4 · 30 in 
July . Areas 5 and G with higher fig ures for both elements, show 
somewhat lower minimum and maximum calcium-phosphorus ratios 
than the first group of areas. The calcium figures fo r the two 
sections, Area 10 and Areas 9 , 11 an d 12, of the Parkland region 
a r e practically the same, but owing to better phosporus values in the 
pastures of Area 1U t h e proportion of calcium to phosphorus in this 
area varies from 2 · 48 to 5 · 38 as against a minimum of 2 · 84 a nd a 
maximu m of at> high as 8 · 72 in the pastures of Areas 9, 11 and ] 2 . 

In spite of calcium values about twice as high a;; those for tlw 
grass areas in th e first group, the ratios of this elem en t to phosphorus 
in Areas 13 and 14 are very similar to those in th e said group of 
g r ass pastures, ranging from 2·25 to 4·77. Ratios in the pastures of 
Areas 15 and 16 remain hig h throughout the year, fluctuating f rom 
5·25 to 6·29, while t he highest proportions of calcium to phosphor us, 
viz., 7·48 to 11 ·52, occur in the Desert Succulen t and D esert Gr;tss 
pastures (Areas 17 and 18) of the North-Western Cape. 

171 



--l ~ 

3
7

·0
1 

12
·0

 

3
5

·0
 

lz 
" ;;

 
I~
 

0 
0 

3
4

-0
 ~ 

6
·0

 

u "' 
3

3
·0

1
 

4
·0

 

3
2

·0
1 

2
·0

 

3
1

·0
1

 
0

·0
 J
a

n
. 

-
-
~
 -...... ""

'o
-.-

--
a.

...
 ....

....
....

....
 "

o
..

_
-

C
o

rr
e

la
ti

o
n

 C
o

ef
fi

ci
en

t
= 

-
0

·7
7

. 

-
-
o

-
_

 
/ 

/ 
--

-c
..

_
 -

--
if

"'
 

,....
.., 

./
""

' 

I 
~
 

P
ro

te
in

. 

F
ib

re
. 

F
ig

. 
u.

-
b

ho
w

in
g 

th
e 

se
a

so
n

a
l 

,·a
ri

a
ti

o
ns

 
in

 
th

e 
m

ea
n 

"r
u

d
e 

p
ro

te
in

 
a

n
d

 
c1

·u
d

e 
fi

br
e 

co
n
te

n
ts

 
o

f 
th

e 
na

tu
ra

l 
g

ra
ss

 
p

a
st

u
re

s 
o

f 
a
re

as
 

l-
1

2.
 

>;
I r-;
 

r-;
 

t;
; .... !Z
 

C
l <
 

i>
 

t-
' ~ 0 >;
I 

"1
i 

i>
 

[f
) 

>-
i C1
 ~ [f

) 

H
 'Z
 

[f
) 

0 C1
 ~ i>
 

"i
 

~
 

H
 c ?'" 



P. J. D U TOIT, J . G . LOUW AND A. I. MALAN. 

It is doubtful. 'vhether the ratios of ca. lei nm 1 o phosphorus an• 
sufficiently unfavourable to have any determina hle effect on the 
growth of animals under conditions of practical farming excep t 
perhaps cluring periods of acute phosphorus deficiency. Under such 
conditions, rectifying the phosphorus deficiency would be the first 
concern, which then au tomatically improYes the ratio problem. 
1'here can be no doubt that an unfavourable rat io of calcium to 
phosphorus, especially when the Latter is present in insufficient 
amounts, as is almost invariabl.v the case throughout winter in 
South Afriea n pastures, enhances the had effects of tlu' phosphorn>< 
deficiency considerably, but it has not been possible to show that 
ranching cattle receiving a phosphatic supplem ent in acc01·da]}(·f' 
with thei1· needs were effecterl significantly by increasing the calcium­
phosphorus ratio of the ir intake from 3·4:1 to 10:1. This is 
fortunate, as the nse of most IJhosphatir supplements in practice. 
sucl1 as bone-meal. prt>cipitated calcium phosphate. degel.atinized 
bone-flour, etc., would iuc1·ease the caleium intake of stock which is 
usually already considerably in excess of the phosphorus contained 
in the pasture eaten . Calcium-free supplements, such as sodium 
phosphate, would be preferable, but their use for £reeling i s almost 
prohibited by their cost. It is considered, ho11·eYer, that taking the 
pastures throug-hout the year and the variati011 of their calcium­
phosphorus ratios from approximately normal ,·:dues rluring the 
periods of active growth to unfavourable ratio,; during periods of 
food sca1·city, such as drought and winter, in sunuuer rainfall areas 
when phosphatic supplements are usually given aud incidentally 
improvement of the ratio brought about, what appears to be a 
periodically unfavourabl.e ratio , is without practical eftect on 
animals entirely dependent on pasture for their food supply. At 
all events, it was not possible to demonstrate any effect on gro,vth 
and blood phosphorus in the case of growing cattle that were running 
on pasture and receiving a calcium and phosphorus supplement 
daily to ensure a Ca: P ratio of 10:1 of their feed for a period of 
two years. 

IV. GENERAL SUMMARY AND CONCLUSIONS. 

A final. report is submitted on work started in 1930 on the 
mineral conteni Rnd feerliug value of ~outh .\ frican nat mal 
pastures. 

In the course of tlnJ successive vears close on five thousand 
samples of natural pasturage were co1lected by fo llowing g-razing 
animals on farms situated all over t he Union of Son th Africa and 
forwarded to Onderstepoort , n·here they " ·ere chemically analysed . 
1'he object in following animals '"hile the samples were being 
collected was to ensure that such samples were as closely as possible 
representative of what the animals actuall.y consumed on. the day o£ 
collection. All samples were analysed for crude protein, crude 
fibre, silica-free ash , phosphorus, calcium, magnesium, potassium , 
sodium, and chlorine. 
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FEEDING VALUE OF PASTURES IN SOUTH A:FlUCA . 

For the purpose of discussing the results obtained the country 
as a whole has been divided into eighteen different areas and tables 
g iving the average composition from month to month of the pastures 
in each area separately constructed . 

'rhe following is a brief summary of the r esults obtained. 

(1) The chemical composition of grass pastures differs in man_,. 
respects considerably from that of bush pastures. E specially is thi.o; 
t h e case in connection w·ith the changes to which the composition of 
pastures are subj ect with changing meteorological conditions from 
January to December. 

(2) Hush pastures are on the whole ric her in all the constituents 
determined than are grass pastures. Another distinguishing feature 
in the two veld types is the difference in chemical composition between 
winter and summer pasturage: whereas the former type shows only 
minor fluctuat ions in the course of the year, the difference in the 
percentage contents of certain constituents during winter and summer 
are consider able in the case of grass pastures. 

(3) Qualitative differences in the pastures of specific regions 
''"ithin any one of th e two main veld types are a lso encountered. 

( 4) Expressed as percentages of the dry matter the phosphorus 
<-on tent of grass pastures i s 0 ·12-0 ·17 during summer and 0 · 05-0 · 07 
<luring winter. In the pastures eon1posed mainly of hushes this 
COJtstituent varies between 0 · 11 and 0 · 20 per cent. Crude protein 
values of the grass pastures fall from 7·0-9·0 per cent. in summer to 
3·3-4· 0 per cent. in winter, while the percentag-e of this constitu ent 
in those pastures composed mainly or wholly of bushes varies between 
7 · 0 and 10 · 0 in the course of the year . 

(5) Calcium and magnesium values show only minor seasonal 
,·ariations. Differences in the per cen tage eontents of these constituents 
are, however , appreciable in the pastures of one region as against 
those of another. Expressed as an annual mean the variation iu 
th e ealeium a nd magnesium contents of grass pastures in different 
regions are 0 · 25-0 · 48 per cent. and 0 ·12-0 · 21 per cent. , respectively . 
Similarly, t h e calcium and magnesium averages for bush pastures 
are 0·60-1·05 per cent . and 0·21-0 ·37 per eent. , r espectively, 
depending on t he region. 

(6) Maximum potassium and chlorine values occmring during 
summer in the gras:; pastures are 1 · 32-2 · 31 per cent. and 0 · 02-0 · f>9 
p er cent . , respectively. During winter the form er constituent varies 
between 0 · 29 and 0 · 63 per cent. and th e latter between 0 · 06 and 0 · 22 
per cent. in the grass past ures of cliffereut r egions. Sodium average 
figures fall from a maximum of 0 · 08 per cent. to a minimum of 
only 0 · 01 per <:ent. in some grass pastures while in others these 
values vary between 0·10 an d 0· 25 per cent. in t h e course of t h e year. 

(7) The percentage potassium remains comparatively higl1 
throughout the year in most bush pastures. Values seldom are below 
1·00 per cent., while most figures fluctuate between 1·40 and 2 ·00 
per cent. Sodium and chlorine averages are exceptionally high in 
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some ·of the pastures composed mainly of bushes. Thus, for the 
greater part of the year figures for sodium are 1· 00-1· 86 per cent., 
and chlorine values exceed 0 · 70 per cent. 

(8) Crude fibre averages are lowest in pasture at the younger 
stages of growth, the mean annual variation is ~~4·6-37·2 per cent. 
for grass pastures and 32 · 0~35 · 0 per cent. for bush pastures. 

(9) Calcium-phosphorus ratios ranging from 2 · 00:1 to 11· 60:1 
occur in the dry matter of South African pastures. 

UO) Judged by the estimated requirements of cattle and sheep 
for growth all South African natural pastures, composed mainly or 
wholly of grasses are deficient in phosphorus, crude protein and, in 
certain areas, sodium for a period ranging from five to nine months 
of the year, depending on the area. There are indications that in 
certain of these regions the pasture may be deficient in phosphorus 
throughout the year. Furthermore, on the basis of the average value·.., 
for phosporus these grass pastures contain at no time of the year 
sufficient of this nutrient to provide in the requirement for an addi­
tional function (e.g., gestation or lactation) of the animal, super­
imposed on growth. 

(11) Provided sufficient food is available an intake of phosphorus, 
crude protein or sodium below the optimum requirements for growth 
will seldom occur on pastures composed mainly of bushes. 

(12) The requirements of calcium, magnesium and potassium 
for growth and moderate milk production will at all times be met 
by the amounts of these constituents present in South African 
pastures. Especially is the clauger of a potassium and magnesium 
rleficiency extremely remote. 

( 13) The pastures of the Union are at no time deficient in 
chlorine. A cow producing two gallons of milk may, however, not 
ingest sufficient of this constituent on the winter pastures of some 
of the grassland regions. 

Since, unlike phosphorus or calcium, the reserves of which in 
the animal's body may tide it over a long period of inadequate intake 
without appreciably affecting its productive performance, protein 
undernourishment may immediately limit production or prevent it 
entirely, the low level of this constituent existing for several months 
in each year in most natural pasturages must be considered the 
limiting factor in the productivity of both cattle and sheep in this 
country. This and other deficiencies occurring simultaneously in 
the diet will result in a generally lowered metabolic rate and this 
condition again may be responsible for the circumstance that 
symptoms characteristic of an individual mineral deficiency such as 
phosphorus are not manifested under practical conditions of farming 
to the extent which a consideration of the average phosphorus content 
of our pastures, as reflected in this report, in relation to the estimated 
requirement of the animal for this constituent, would lead one to 
expect. 

In conclusion it may be stated that from a study of the data 
presented in these pages it seems justified to infer that the practice 
of feeding phosphorus supplements in certain areas, advocated by this 

12 175 



l ustit u te for a lmu~t t11·eu t y ye~J J:i Ill<\.) \\ i t h grea t a!h<nlt age to th e 
ea ttl e aiHl sh el'p in<lu shi e,; be ~Hl011tell i n the gTeater p a r t of i h ~· 
eounh .Y au!l for th e gTeaier pa rt of t h e yea r. A l,;o , i t is d ear that 
t h e e:x Lrem e defiei en cy of protein in our g n1:-;:; pasLtnes duri11 g " ·i11 t er 
is a problem of <'<lu a l , if not gr e;1te 1·, i mpodnnce thnn tha t of ph o:-i­
phm:u s d efi c ie nL·_-,-. If t be ;uh·an h< g e::; ,,·hi ch lw Ye l.weu lHOYecl to 
r esu lt from a p hosph on1 s snpp l t• nJt•nt s n c: h a:-; bonemeal a r e an in dica ­
t ion of wh at n w .1 l1e (-•:s:p ec:lt)tl hom rl'ct.ify ing- oth er !lefi ci t s in ou r 
n:~tm·a l p<lshu·p t he i mp ro1·em e ut u1· ci ll]lpl ementn.tion of win ter pastu r e 
\Yit h i he ob jed of imrea :-;i 11g' th<· Jn·otein inta ke of anim als :-;h 01tl tl 
g r eatl.1 h Pn Pfii t h P ca tile an <l ~ llPPp in llu ~tr i e::; of this eoHnhy . 
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