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i. INTRODUL TION.

In the first publication (du To1t, et al, 1932) of the above series
it was stated that the investigation was undertaken to define the phos-
phorus deficient areas in the Union of South Africa. The possibility
of other mineral deficiencies and a study of the feeding value 1n
general, in so far as figures for crude protein, crude fibre and carbo-
hydrates could provide a eriterlon was, however, also kept in mind
when the scheme was under consideration. In other words the need for
more detailed data on pastures geunerally and their bearing on
problems of nutrition and disease may be considered to have formed
the ~ is for the series of ~ -estigations.
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FEEDING VALUL OF PASTURES IN SOUTH ATRICA.

Originally it was decided to analyse the soil from selected areas,
the herbage growing on that soil and the blood of cattle grazing on
the pasturage. It was thought that a definite correlation existed
Detween these three sets of data and that possibly the collection of
data on any one of these sets of analyses would yield sufficiently
accuraie results to vender the other {wo superfluous. The scheme was
divided into two parts, one of which aimed at studying the effect of
stage of growth ou the chemical composition, yield and digestibility
ot indigenous grasses established on experimental plots. The results
of {his work have been reported by du Toit et ol (1934, 1935) and
Louw (1938). The other part of the scheme dealt with a mineral
survey of the pastures of the Union. Samples of soil, vegetation and
blood were collected and forwarded to Onderstepoort by about forty
Government field veterinary Officers, each selecting an aera for
collection in his district. The first three survevs took place in May,

930, May, 1931, and October, 1931, respectiv elv, after which regular
collections were made (humg Janlhny, April, July and October of
each vear until April, 1933. After the first three surveys which were
reported on sepavately by du Toit et «f (1932) the collection of soil
samples was discontinued. The vesults warranted the conclusion that
soil analysis does not provide a satisfactory method for studving the
feeding value of natural pastures as obviously pasture on poor soil
may yileld excellent values if the samples for analysis are taken at
an early stage of growth of the pasture.

Reporting on the succeeding surveys comprising the analysis of
pasture and blood samples at three-monthly intervals collected until
April, 1933, du Tort and his collaborators (1935) stated that the
diagnosts of phosphorus deficiency n pasture by determining the
inorganic phosphorus coutent of the blood of anmimals grazing such
pastures is simple and accurate, but that the surveys were intended to
be a study of the feeding value of South African pastures and not
merely a study of their phosphorus content and hence pasture
analysis, which is essential for a study of the greater problem of the
feeding ‘value of the pastures and which inc 1dentdlly mcludes the
determination of phosphorus in the pastures already covers the ficld
of phosphorus deficiency. Blood analysis was therefore eliminated
from the subsequent surveys which were carried out on an extensive
scale. Naturally blood analysis would have involved the bleeding of
many huudreds of animals over extended periods, a proceduve which
after several repetitions was generally met with o certain amount of
opposttion on the part of the farmers. Another obstacle in the way of
drawing the blood and preparing it for despatch to the laboratory for
analysis was that suffictent professional assistance was not available to
analyse and handle such a large number of samples simultancously.

On the other hand, Government stock inspectors are stationed
practically all over the Union and it was consequently decided to
entrust to these stock inspectors the work of collecting and despatceh-
ing of pasture samples to Onderstepoort: this procedure increased
the number of samples actually collected since November, 1933, very
considerably. In fact, whereas previous to this date only about forty
samples were collected every three montlis by a limited number of
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field veterinavy officers the stock inspectors collected and despatched
to Onderstepoort every mounth kbetween 200 and 250 pasture samples
for analysis.

The present report deals with the results of {lis more compre-
hensive survey which covers a period of two years from November,
1933, to October, 1935,

Il. PLAN OF THE INVESTICATION AND METHODS.

Tu Octoler, 1933, some 240 stock iuspectors stationed all over
the Union weve mstructed each to collect and forward to Onderste-
poort a sample of pasturage during every month of the year. Tor this
purpose each 1nspector had to choose three farms in his own area and
on these farms the samples had to be collected 1 rotation as fallows:
a sample of the pasture was collected on farm No. 1, in, say,
November. In December, when the second sample had to be collected,
1t was taken from farm No. 2 and in January on farm No. 3. In
February the sample was again taken on farm No. 1, 1n March on
farm No. 2, ete. Henece, over a period of 12 months, for instance,
from November, 1933, to October, 1934, the samples would he
collected—

en farwi No. 1 in November, February, May and August,
on farm No. 2 in December, March, June and September, and

on farim No. 3 in January, April, July and October.
According to this new scheme the number of farms on which samples
of pasturage would be collected was Increased from approximately
40 to almost eight hundred and the method to be followed in collect-
ing the samples was at the same time modified.

The choice of pasturage for analvsis in the new scheme was
indirvectly delegated to the grazing animal itself, the underlyving
motive being to ensure the collection of a composite sample of herbage
which would as far as is practicable Lo representuative of what the
animal actually ate on the day when the sample was collected. In
order to acco Hlish this object a number of amimals had to be
followed while grazing by the stock inspectors who selected the
analytical sample to correspond as closely as possible to what the
animals he was following actually ate. TIf the animal followed took
a mouthful of leaves of a certain kind of grass the stock inspector
would also collect a handful of leaves from the same {uft, or from
one of the same kind of grass,and place this in his collection hag.
If the animal then took a wouthful of seedheads the ITnspector would
collect a handful of seedheads from that tuft or a similar one and
place it in the same bag as the first handful of leaves, TIf the animal
then took a mouthful of bushes he also collected a handful of the
same bushes into the same bag as the fivst two samples, and after
following five or six animals and collecting about 2 1h. of vegetation
in this way his sample was taken to approximate that which the
animals had actually eaten ~very closelv. The inspectors were
requested when following sheep to spare no pains to collect a
ref  entative sample of what the sheep actually consumed.
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Il. RESULTS.
(1) GENERAL.

Tables giving the analysis on the Dbasis of the dry matter
together with a deseription of each individual pasture sample
received are presented in an appendix fo this report. Owing to the
mass of data collected 1t 1s 1mpossible to consider each farm or
locaility by itself. It has consequently heen decided to divide the
country into eighteen different areas (see Chari I) and lo construct
tables giving the average composition of all the samples collected in
each area und during each month of the vear separately. The
prineipal districts comprising an area are given in a legend to
Chart 1. No samples were collected in areas (e.g. Basutoland) not
marked on the chart, while {he analyses of the Hmited nunber of
samples which arrived from the strip of country stretching from
Piquetberg on the west coast along the south coast to Humansdorp,
marked “ 0O 7, are given in the appendix only; the calculation of
averages om the available data for this region was not considered
Justifiable.

The division of the country into eighteen areas was made
mainly on the basis of the Botanical Map of the Union of South
Africa (Pole-Evans, 1936).  Although, to a certain extent, ramnfall
was also taken 1nto account, the division i1uto areas rvemalns solle-
what arb cary.

1t was thought that more relinble values would be obtained for
the composition of the pasture if the analyses of the sepavate years
were not considered separately. Consequently, the analyses of all the
samples collected during any one month, irrespective of the vear,
in, say. area 1 were grouped together and average values for each
constituent calculated for that particular month. In this way average
values for each constituent delermined and for each of the twelve
months, January to December, were caleculated in the case of every
one of the 18 areas into which the Union was divided. These average
values for an ** average ”’ year though mnot, as mayv be expecied,
applicable to the pasture on each of the farms situated in that area
separately may, nevertheless, be taken to provide a fair criterion for
Judging the feeding value of the pastures in the avea as a whole,
particularly with reference to the changes in the feeding value of the
pastures frow January to December.

The rainfall data for the two vears from November, 1933, have
been treated in a manner similar 1o that outlined above for the
chemical analyses of pasture samples in order to arrive al average
monthly rainfall figures for an ‘‘ average '’ year in the case of each
of the 18 areas in question. Briefly, it means that, for instance, the
mean rainfall for January in area 1 was obtained by averaging all
the available rainfall data registered on farms in area 1, from which
samples were actually forwarded, during January, irrespective of
the year. Unfortunately, not all the farms where the pastures were
sampled were provided with rain ouages, so that in many cases the
raintall data of the towns or villages nearest to such farms had to Le
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wlilised in order to make the average figure as representative ax
possible of the area as a whole. The average monthly rainfall figures
caleuloted us indicated are given in Table 1 in inches.

Judging from the averages for different areas given in a publica-
tion by Schumann and Thompson (19345 on certain aspects of rainfall
in South Africa, and froni the Reports of the Union Meteorological
Office for the vears 1934 and 1935, the former being on the whole
above and the latter yvear below normal in regard to rwntfall the
Caverage ' vear arrived at from the data of the two veurs covering
this investigation seems to be a fair indication of vormal conditions.

A study of thesdescriptions of individual samples given in the
appendix reveals the following: 93-99 per cent. of the =umples
originating from arveas 1-4. from areas 6-8, and from area 11 were
composed of grasses only, the rest being © bush 770 Grasses were
predominant in mixed samples from areas 5, 9, 10, 12 and 3. the
percentages of samples composed of bush only being 12-0. 10-0. 17-0,
26-0 and 34-0, respectively. On the other hand, the samples from
Area 17 were made up almost exelusively of bushes: bushes pre-
dominated in the samples forwarded from Areas 15 and 160 only
about 20 per cent. being composed of grass, whilst in the remaining
two areas, numbers 14 and 18, the numbers of grass and bush
samples, respectively, were approximately the same. The percentages
of grass and bush samples cited above do not, of course, and are not
intended to, reflect actual conditious 1tn the veld with muthematical
precision, but judging from a knowledge of veld conditions in <ome
of the areas and the botanical map previously referred to, the pro-
portions of grass and bush samples in the total nmumbers forwarded
from the various arveas, and reflected in these percentages, may be
taken to be a fair approximation in the case of most areas.

The average mouthly chemical composition and the rvange of
varialion 1o the composition of individual samples are given in
tables 2 aud 3 and tables 8 to 14 for each of the 18 areas into which
the country has been divided. Reference should be made to table
2 for a record of the numbers of samples analvsed for each
month, and for an approximate description of the tvpe of veld in an
area as a whole. The range values, giving mininsum and maximum
figures for each month, were included to indicate the wide differences
that may occur in the composition of samples collected during the
same month in any one area.

Natnrally, considerable vaviation is expected in samples secured
over an extensive vegion of natural veld--the areas im question
measure 3,000 square miles and more—if the factors influencing the
chemical composition of such pastures are kept in mind. In this
connection reference needs only to be made to the fact that most
of the rain in the greater part of this country falls 1u the form of
intermittent showers resulting often 1n considerable variation in the
precipitation on two adjacent famus, let alone on farms 50 or more
wiles apart in the same area. Although the influence of soil fertility
and botanical composition of the pasture is by no means negligible
the main factor responsible for the wide differences in the chemical
couposition of pasture samples from the same area is no doubt the
variable rainfall which in turn is vesponsible for pasturage at various
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stages of maturity.  The existence of the great wariution in the
mineral and protein contents of the pasture samples collected durng
the same wmonth nevitably ympaivs the stontficance of the average
vilues somewhat. At the same time the average values which wili
torm the hasis of the following discussion may be taken 1o describe
even if it s oonly Tnoa rough way. the quality of the pasturage of w
specific area us a whole more closely than would any of the individual
values within the range of variation observed.  To particular the
average values afford a valuable picture of the seasonal tendeney in
the chemical composition ot the pasturage.

2y Ponosrnoris axo (rope Proreax.

The average values for phosphorus and crude protein given i
tables 2 and 3 for the IS arveas separately are presented in “hl[)]ll((l[
form in Iigs. T to 5. The outstandine feature 1o these eraphs s
the gradual downward tendency from JJanuary to July or August
followed by a rise of varving intensity to November or December tor
both P and protein an the case of all the grasstund arveas of the
Union. This downward and upward curve 15 closely correlated with
the rainfall 1o the areas concerned as will be evident from a glance at
table 1. On the other hand the graphs deseribing the monthly
averages for nuxed (grass wnd bush) veld do not <how w definite
tendeney from January to December

The pregular Huctuations may probably be mainly ascribed o
varying proportions of bushes and grasses in the mixed samples
collecied from month to month aud 1o the faet that bushes arve more
resistant to drought and retain their nutritive properties longer than
do grasses, as is evident from the higher level in the average values
for both phosphorus and protein in samples containing o high

percentage of bush throughout the vear.  The mmeral composition
and protein content « bushes are 1uHuenced, though not to the

siime extent as are grasses, by rainfall as s evident trom o study of
the mionthly average values and rainfall for Area 17, 0 winter rain-
fall arvea. and the only one in which the samples collected were pri actl-
cally all composed of hushes only. Unhike all other areas maximum
values for P oand protein were here obtained during the winter
months.

An examination of the phosphorus and erude protein figures <hows
that af no time can the pastures of the Union be considered 1o be
rich in these constituents as judged by oversea standards.  Tn the
sunnner ramnfall erassland areas the phosphorus and protein values
nnuh thetr hlolu\i ]"\'t‘l\ in Novemher, December or January, 012 tao

IV per cent. and T-0 19 90 per cent, respectively . From January
thm'e ix a eradual <le ne 1o the extremely Tow values of 0-05 10
0-07 and 3-3 to 4-0 per cent. for phosphorus and protein, respectively.
in July or August followed by o praduoal rise 1o the higher values
referred to above,

loxeept fol’ Aveas 17T and 180 the averaees for samples from
areas where u high percentage of hushes were present in the saniples
m where 1)\1\119\ were predominant show not only higher muxima
but the minimum values also are higher than those of The arassland
areas,  Figures for phosphorus never go helow 0211 per eent. i the
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course of the year while values of between 0-14 and 0-20 per cent.
are the rule rather 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 17 and
18 are somewhat lower than and protein values on the 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 classified as ‘ grass land ” and those in which bushes
predominate in the pastures. Whereae in the lastmentioned areas
the phosphorus content of the pastures ictuates between about 0-12
and 0-20 per cent. and the protein between 70 and 10-0 per cent. in
the course of the year, the percentage of these constituents in samples
composed of grasses only fall from peak values around 0-14 per cent.
phosphorus and 8-0 per cent. crude protein during sumnier to as
low as 0-05 per cent. 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
the grass pastures persist for a considerable part of the year. In fact,
speaking generally, phosphorus values are below 0-10 per cent.
and protein less than 5-0 per cent. for three to six months of the
vear depending on the arvea. Irom a purely qualitative point of
view, taking chemical composition as the criterion it seems warranted
to conclude that bush pastures are superior to grass pastures under
our climatic conditions. However, a conclusion based ouly on the
qualitative "indices of pastures cannot under all circuimstances be
accepted as final. The problem of the quantity and density of edible
herbage available and that of the type of animal to be grazed on
the pastures must necessarily be taken into consideration. In this
connection 1t mayv be mentioned that the pastures of Areas 13, 14,
15, 16, 17 and 18 classified botanically as “° desert shrub °’ are best
grazed by sheep, the small karroo bushes which are the mainstay
of these pastures, especially during dry seasons, being not so suitable
for cattle farming. On the other hand, the natural grasslands of
the northern provinces and Natal may be utilised for hoth cattle
and sheep. On the whole 1t may be expected that these grass
pastures will yield more food per unit of area than will the bush
pastures of the Cape Province. In general it may, therefore, be
stated that an animal will require less time and a smaller area to
fulfill its daily requirements in regard to the amount of food needed
on grass than on ““ bush ”’ pastures.

A study of the average phosphorus and protein values for each
of the 18 areas separately reveals differences in the quality of the
pastures not only Dbetween the two major groups °* grass’ and
““ bush >’ as indicated above but also within each of these two main
types of pasture in the Union.

Areas 1 to 5 comprise practically the whole of the tall grass
area lying east of the Drakensberg escarpment and the coastal belt
stretching from Kast Tondon northwards. Of these areas numbers
2 and 5, both including a portion of the coastal belt, v be con-
sidered to be superior to Areas 1, 3 and 4, as judged by the average
phosphorus and protein contents of the pastures. In the case of
phosphorus the graphs sh that not only are the maximum values
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and 5 than in those of Areas 1, 3 and 4 but also the minimum values
for the winter months are appreciably higher in the former than in
the latter set of areas. The average protein values in Areas 2 and
9 are likewise betler than those in Areas 1, 3 and 4 in that the winter
averages do not fall to such low levels. 1t should be mentioned
that a fair percentage of bushes were present in the samples from
Area 0.

obtaimed for the summer months higher in the pastures of Areas 2

Of the remaining three ureas situated in the typically grassland
regions of the Union, viz. Areas 6, 7 and 8, the last two areas may be
taken to be practically the same ax Areas 1 and 3 with reference to
the average phosphoras and protein figures of the pastures from
January to December. On the other haud, Arca 6, ¢ prising a
stretch of country which includes a portion of the north-eastern Cape
and eastern half of the Orange Ifree State shows a definite improve-
ment in comparison with Aveax 7 and 8, phosphorus and protein
values being on an average higher both during the rainy and dry
seasons.

Arveas 9, 10, 11 and 12 arve situated practically wholly in the
Parkland region of South Africa. Although this region is characterised
botanically as ** open woodland and orchard country of evergreen and
deciduous tree aud bush, open woodland country of suptropical ever-
green and deciduous tree and thorn forest, and thorn country *” (Pole
Evans, 1936) the samples of edible pasture forwarded from the areas
situated 1 this region were composed mainly of grasses. The position
in regard to the phosphorus and protein content of the samples from
Areas 9, 11 and 12 1s no better than that in, for instance, Area 7. Ilere
again, however, an improvement is noticeable in the case of Area 10,
comprising the Letaba and Zoutpansbery districis. About one-sixth
of the samples from this area were composed of evergreen deciduous
tree and bush, and this circumstance, no doubt, was respousible for
higher average phosphorus and protein figures although the improve-
ment in the pro*-in values are not such as to warrant special meution.
It is to be note  however, that in the case of Area 12 covering the
Mafeking, Vryburg, Kuruman and Barkley West districts and
situated in thorn country with an infiliration of Desert Shruly, the
presence of about one quarter of the total samples analysed in the
form of bush while improving the average protein figures from
January to December did not materially improve the phosphorus
figures when compared with an exclusive grassland region like Aven
8. The low values obtained for this area in spite of a fair admixture
of bushes 1 the samples, an admixtwre which in all other cases
rexulied in higher phosphorus values, hear out the known prevalence
of Lamsiekte on the natural pastures ot this region.

Of the remaining six areas numbers I3, 14, 5 and 16 lie
exclusively in the Desert Shrub region while the vegetation of Arveas
17 and 18 covering the north western portion of the Cape Province is
mainly composed of desert succulents and desert grass. The
phosphorus figures for the latter {wo areas are as previously pointed
out lower than those for the Desert Shrul) region but are nevertheless
better than the figures for purely grassland areas. The superiority
of the Desert Shrub to the grassland country rence to the
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phosphorus and protein contents of its pastures has already been
referred to. It remains only to point out that judging from the
graphs depicting average phosphorus and protein figures Area 14 is
somewhat better than Areas 15, 15 an 16,

From a purely qualitative point of view, i.e., judging from their
percentage content of the essential nutrients, phosphorus and protein,
the natural pastures of the [Tmion may, therefore, be provisionally
divided into three categories, viz., those low in phosphorus and protein
a second group showing medium values, and, lastly, those pastures
containing comparatively high percente~ss of phosphorus and protein
when judged by South African standar . Areas 1, 3, 4, 7, 8, 9, 11,
and 12 which includes the greater part or the Grassland region of the
Union may be classified in the first category, 1.e., low values for
phosphorus and protein; Areas 2, 5, G, 10, 17 and 18 comprising a
part of the Tall Grass area the major portion of the Short Grass
region, and the whole of the Desert Succulents and Desert Grass
area would fall under medium pastures, and finally the Desert Shrub
area which has been divided into Areas 13, 14, 15 and 16 may be
considered to be comparatively high in phosphorus and protein. Such
a division, based as 1t 1s on chemical analyses alone, does not of
course, finally determine the economic value of the several pastural
regions for the production of livestock. As previously stated the
amount of food available to the animal in a given area is a factor
of paramount importance. In this connection it is of interest to record
that according to Pole-Iivans (loc. ¢it) in the Desert Shrub and Desert
Succulent regions ‘* the plants are always widely spaced in bare soil *’
while for instance in parts of the Tall Grass area the grasses form
““ a dense cover and a uniform sward >, Thus an animal on a farm
in Namaqualand (Areas 17 or 18—medium P and protein) may die
from starvation whilst an animal on a farm in the Dundee district
{Area 1—low P> and protein in winter) may merely suffer a temporary
set back due to a deficiency of protein and phosphorus in an otherwise
adequate diet.

In any case, there is no doubt that while grasses show fair
figures for phosphorus and protein during the period of active
growth assoclated with the rainy season these values drop to extremely
low levels after the cessation of the rains into the cold winter months.
On the other hand, while they are undoubtedly influenced by the
rainfall, trees, shrubs, and other edible herbaceous plants do not only
appear to be on the whole richer in phosphorus and protein than the
grasses but they relain these nutritive constituents to a great extent
even in the absence of rain.

Before passing on to a consideration of the other constituents
determined it will be interesting and instructive to devote some space
to a brief discussion of the growth requirements of cattle and sheep
for phosphorus and protein in the Light of the available information
on the subject and with veference to the amounts of the said con-
stituents present im South African natural pastures as shown in the
present report.

In order to assess the value of these pastures as sources of
phosphorus and protein for the crowing animal it is necessary fo
know, t from the chemical h 37 ented, the requirement
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and to have been in excellent condition at the conclusion of the
experiment it seems warranted to utilise the protein intake of these
animals as a basis for assessing the capacity of South African pastures
to fulfil the protein requirement for growth of the Merino sheep.
Compared with, for instance, the figure of 13 1b. of digestible protein
per week as the requirement for growth and fattening given by
Wood and Woodman (1932) the figure of 68 grams feed crude protein
per day must be looked upon as a gress underestimation of the protein
requirement for normal growth. However, as will become evideut
presently, any figure for the growth requirement which is higher
than the maintenance requirement will suffice to illustrate the short-
comings of South African natural pastures during certain seasons of
the year.

Very little information is available on the amount of dry matter
ferent classes of stock will consume while grazing on the open
veld. Garrigus (1934) reported figures for the dry matter consump-
tion of grazing steers ranging from 10-2 to 25-8 1. with an average
of 16 1b. per day. Smuts (1939) applied the same method as that
employed by Garrigus to grazing sheep and found an average daily
dry matter consumption of 660 grams for a sheep weighing hetween
60 and 70 1b. In view of this ﬁndlng and in the light of the figures
given in the literature (see Mitchell and McClure [loc. citf) for the
dry matter requirement of growing sheep it seems safe to assume that
a 100-1b. sheep will consume 900-1,000 grams of dry matter under
grazing conditions,

The following estimations, then, of the daily requirements ot
growing sheep and cattle for phoqphorus and erude protein in terms
of feed phosphorus and feed crude protein and the amount of dry
matter they 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. Protoin I hosphorus. Matter
‘ CoT Consumption.
S R I [ _
b, Grams. ‘ Grams. 1 Grams.
Jattle.. ... 800 500 f 10-0 7,300
Sheep. «ovoeeeneenn .. 100 70 l 15 f 900

Employing the figures given above for the dry matter consump-
tion of grazing cattle and sheep and those describing the average
phosphorus and crude protein contents of the natural pastures in
Areas 1 te 18 presented in Tables 2 and 3 figures showing the esti-
mated intakes of feed phosphorus and feed crude protein of “cattle and
sheep on natural veld, for months and aveas separately, have been
calculated. The data thus obtained are given in Tables 4 and 5 for

tle  d i 6 17 for sheep.
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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 few 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 seldom ingest sufficient phos-
phorus for maxinum 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, 15, 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 which cannot exist without serious
consequences to the well-being and production of the animals. This
sub-optimum intake of phosphorus appears to he more serious with
sheep 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.

Passing on to the set of areas, viz. Nos. 2, 5, 6, 10, 17 and 18,
classified earlier in this discussion as ‘° medium *° with regard to
the phosphorus and protein contents of their pastures a definite
improvement in the phosphorus nutrition of cattle and sheep on
these pastures is indicated as judged by the estimated intakes. Not
only are the pastures able to provide the optimumni requirement for
growing 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 the first mentioned series of
areas.

A glance at the figures giving the estimated intakes of phosphorus
on the pastures of areas, Nos. 13, 14, 15 and 16 shows that an intake
helow the optimum requirement for growing cattle and sheep occurs
but seldom in the course of the year. Provided sufficient food 1is
available on the veld the chances of animals suffering from a phos-
phorus deficiency on these pastures seem to he 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 erude protein falls
at the outside during three months of the year below the estimated
requirementi for growth the crude protein content of the natural
pastures of the Union are for periods ranging from five to nine months
of the year, depending on the locality, so low that growth is either
seriously retarded or femporarily stopped. Tn fact, if the feed crude
protein maintenance requirement of sheep is taken to be 46-0 grams
[Smuts (loc. ¢it.) gave this requirement as 23-0 grams digestible
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wrude protein| an inspection of Table 7 reveals that on some of the
grassland pastures the intake of this nutrient may be for several
months during winter below the requirement for maintenance.

The phosphorus and protein contents of the natural pastures of
South Africa during summer and winter, respectively, have recently
been presented as coloured charts in popular fashion in an article in
Farming in South Africa (June, 1940). These charts are included
in the appendix of this report as they present at a glance the out-
standing features in the above discussion.

Average values for summer and winter have been calculated and
presented in separate charts; ¢ summer 7 denotes the period
November to April—being the period of greatest food abundance-
and ‘ winter ’ extends from May to October, or the period of food
scarcity, generally speaking. The keyv to the coloured charts is
given 1n the following table:—

i
! Percentage ‘
|
‘
|

Percentage Protein

5)
Colour. Phosphorus in Pasture.

(P) in Pasture.

Red.............. ' Less than 0-09 ‘ Less than 4-5 1| Below requirements
Light Red......... 0-09 to 0-11 4-5—5-0 I for growth.

‘ i
Yellow............ 0-11 to O-14 5-0—7-0 Limited growth.
Pale blue.......... | 0-14 to 0-18 7-0—9-0 Sufficient for normal
Dark blue......... | More than 0-18

! i

| \Lx

| More than 9-0 S ‘ growth.
\ .

It should again be emphasized that in judging the economie
value of the pastures in the respective areas as delimitated in this
report the question of the available feed supply should not be lost
sight of. For instance, the estimated intake of crude protein on the
pastures of the North-western Cape (Areas 17 and 18), a region with
an average rainfall of only 5 inches per annum, seldom 1s below the
estimated requirements for growth, but, on the other hand, it 1s a
matter of commion experience in this region that animals die at
times from sheer starvation; the amount of food available becomes
the limiting factor.

Ta conclude these remarks on the phosphorus and protein contents
of our natural pastures in relation to the needs for growth of animals
reference may be made to the fact that the requirements for growth
only of a 800 lb. bovine and a 100 Ib. sheep have been chosen as the
basis for assessing the feeding value of the pastures. Younger
animals may be expected to consume less dry matter than the amounts
taken to be the capacity of the above-mentioned animals, so that,
assuming the growth reqmirements to be the same, it will mean that
the percentages of phosphorus and crude protein in their diet should
be higher than in that of older animals; a circumstance which will
result in the shortening or the total absence of a period of optimum

owth in the case of younger stork on our natural pastures. S*—ilar
remarks are val 1in the case « pregnant or lactating anim in
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that amounts of phosphorus and ecrude protein superimposed in
many cases on the requirements for growth have to be allowed for
in the ration. In any case, from what has been said it is clear
that most of the natural pastures of this country should be either
unproved or supplemented during the greater part of the vear to
ensure continuous production by animals.

() Cancrey axp MAGNESITUM.

Unlike phosphorus and protein the averages for calcium aud
maguesium given iu Tables 8 and 9 fluctuate only slightly frow
ntonth to month. They show, however, no definite tendency and
remain in general fairly constant throughout the year. As in the
case of phosphorus and protein the major difference with reference to
the calcium and magnesium contents of the pastures of the Union
1s 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 magnesiuin than the first mentioned type. This eireum-
stance 1s consequently held responsible for greater month to month
fluctuations in the percentages of calclum and magnesium in areas
where the samples were composed of varving amounts of bushes and
grasses.

The calcium figures for the grassland Areas 1 to 8 fluctuate
around 0-30 per cent. and the magnestum values around 0-14 per
cent., except for Arvea O, with a fair admixture of bushes in the
sumples analysed which shows better values for calcium than any
of the areas mentioned, values fluctuating between 0-34 and 0-40 per
cent. from January to December, and Area 4 in which the monthly
averages for calcium vary between only 0-22 and 0-31 per cent. with
an annual average of about 0-25 per cent. Cowmpared with dato
from the British TIsles, these figures for Ca are definitely low. In
fact they may be 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 African
pastures are deficient in calcium.

A s 9, 10 and 11 situated in the Parkland region ot the
Transvaal show higher figures for the two constituents under discus-
sion in comparison with the typical grasslands of Natal and the
Orange Free State. Average monthly values fluctuate on a higher
plane and the annual averages for calcium in the case of the three
areas are 0-42, 0-48 and 0-40 per cent., respectively. Magnesium
values, also, are higher, being around 0-18, 0-21 and (-19 on an
average for the three aveas.

The pastures of the vemaining seven Areas 12 to 18 comprising
the Desert Shrub region of the country may be considered to be rich
in calciuin and magnesium, the figures being comparable to those
for cultivated pastures overseas. Corresponding on the whole with
an Increasing number of samples composed of bushes only (see tables
in appendix) in the total number analysed the caleium and magnesium
figures rise steadily from Area 12 to Area 18. There are, of
course, fluctnations in the average monthly values in each area but
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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 the criterion.
The calcium figures calculated 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 Grass pastures of Namaqualand
(Area 18) in the west is thus seen to be about four times more
than that of the Tall Grass pastures around Port Shepstone in the
southern part of Natal on the Kast Coast of South Africa.

Mitchell and MeClure (loc. cit) estimated the feed calcium
requirement for growth of a Holstein-I'riesian heifer weighing
800 1b. at 7-1 grams and that of a growing beef steer of the same
weight at 10-4 grams. Dasture containing a minimum of 0-14 per
cent. calcium on the basis of the dry matter 1s, therefore, necessitated
by the caleium requirement for growth of a 800 1b. beef steer
consuming 16 1b, dry matter per day. The necessary percentage of
calcium in the feed would agamn be higher in the case of younger
animals since ou the one hand the daily feed calcium requirement
itself is higher and, on the other hand, vounger stock may be
expected to consume less dry matter. The feed calcium requirement
of a pregnant Holstein-Fresian cow weighing 1,000 1b. is given by
the same authors in terms of the average for the whole Oestd’rlon
period as 11-8 grams per day. Also, a lqctatlng animal of the same
welght I)I‘Odll('lll”’ 2 gallons of milk per day will require 19-6 grams
feed calcium lnChllelﬂ‘ 1ts maintenance requirement. To muest the
necessary amount of caleium the latter animal will, thelotole, have
to consume 16 lb. of a ration contaiming 0-27 per cent. calcium.
Finally, the necessary caleium content of ‘the dry ration for growing
Shropshire sheep 1s 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 average calecium values for South African
pastures presented in Table 8 indicates that cattle o1 sheep
grazing on these pastures are not likely to suffer from a calcium
deficiency as such 1f milk production remains moderate. A cow
producing more milk than the amount (2 gallons) stated will
naturally require more calcium in its diet. The caleium content of
some pastures (e.g. Area 4) may be considered inadequate to tulfil
the higher demand for calcium, but, on the other hand, since the
production of milk will in any case be seriously curtailed by a
deficiency of nutrients such as phosphorus and protein in most
pastures caleium cannot in the first place be considered a limiting
factor in milk production on South African natural pastures.

According to du Toit and associates (1934) it is doubtful whether
a deficiency of magnesinum will ever occur in the diet of animals
on pasture. These anthors were able to lower the magnesium content
of their base? ration to 0-11 per cent., but the amount of magnesium
ingested wi  this ration was at least five times the amount of
magnesium secreted 1n two gallons of milk. Reference to Table
shows that the magnesium content of South African pastures rarely
falls below 0-10 per cent.
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P. J. DT TOIT, J. G. LOUW AND A. I. MALAN.

(4) PorasstuM, SonroM, aND CHLORINE.

The remarks made earlier in this discussion with reference tou
the trend of the phosphorus and protein averages of pastures in the
course of the year miay with equal justification be applied to the
monthly averages for potassium and chlorine given in Tal s 10 and
12, and to a lesser extent to the sodium figures given in Table 11.

Commencing with the averages for samples composed almost
exclusively of grasses an inspection of the relevant tables reveals
that potassium and chlorine reach their highest levels in the dry
matter of the grasses in November, December or January correspond-
ing with the months of highest rainfall and the period of most active
growth. After January as the rainfall becomes less and the grasses
tend to mature, the percentages of these constituents undergo a
gradual decrease until the lowest levels for the year are reached
during the dry and cold winter months—June, July and August,
after which a gradual increase 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 winter months as compared with the rainy season when values
are higher 1s nevertheless apparent. Maximum average monthly
figures for potassium in Areas 1 to 12 vary between 1-32 and 2-31
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 (-06 to 0-22 for potassium and chlorine.
respectively.

The range values given ubove for the highest and lowest figures
obtained for the pastules of Aveas 1-12 serve to indicate that there
are differences in the monthly averages of the pastures of individual
areas in respect of potassium and chlorine. Thus the lowest average
maximum figure for potassium occurs in the samples for December
collected in Area 4, while Areas 3, 7 and 8 show the lowest average
minimum values for potassium. On the other hand the pastures in
Arcas 6, 9, 10 and 11 are on the whole somewhat richer in potassium
than any of the other areas from No. 1 to 12. Chlorine values, again,
are highest both in regard to average minimum and maximum values
in the pastures of Areas 2,5,9 and 10, while Areas 1, 3, 7 and 8 may
be considered to be poorest in this constituent.

The grassland pastures are considered to be generally poor in
sodium. In Areas 1, 3, 6, 7, 8 and 12 maximum values never exceed
0-08 per cent., while in the dry winter months they drop on an
average as low as (-0l per cent. A slight 1mprovement is shown
m the average sodium figures for Areas 9, "10 and 11 in the Parkland
region of the Transv 1211, while an apprecl’lble increase 1n the figures
for Areas 2 and 4, bordering on the coast of Natal, and Area 5 in
the south-eastern part of the (‘ape 1s indicated. 1In Area 2 the
average monthly figcure drops only once (in August) below 0-10 per
cent., ranging for the other months between 0-12 and 0-20 per cent.
In Areas 4 and 5 the nmnthlv averages vary between 0-10 and 0-20
per cent. and 0-14 and 0-25 per cent. respectively.

Passing from the all-grass or predominantly-grass pasture areas
to the grass-bush or all-bush pastures of the Desert Shrub and Desert
Succulent regions the percentage contents and monthly fluctuations
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of the three constituents under discussion undergo certain changes.
To commence with potassium, although there is a tendency for this
element to be lower during the months of least rainfall, 1t remains
compar~tively high throughout the year in the pastures of Areas 13
to 18. 1 fact, except for the months June, September and October
in Area I3 potassium figures never drop below 1-00 per cent. and
about 70 per cent. of figures range from 1-40 to 2-00 per cent. Sodium
and chlorine figures fluctuate on the whole in a most irregular manner
but never drop to the low levels indicated for some of the grassland
areas. The pastures of Areas 13 and 14 do not differ muech in sodin
and chlorine content from those in Area H. In the pastures of tne
remaining four areas, viz. Nos. 15, 16, 17 and 18 of the Desert
Shrub and Desert Succulent regions both sodium and chlorine figures
are on the whole exceptionally high. More than 60 per cent. of
the average monthly sodium values range from 1-00 to 1-86 per cent.,
while only about 60 per cent. of the values drop below 0-60 per cent.
sodium. Also, the grear majority of chlorine figures exceed 0-70 per
cent. and some of these rise to as high as 2-20 per cent. in the dry
matter of the pastures.

The grasses have heen shown to be on the whole extremely poor
m 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 15, 16, 17
and 18 must therefore be ascribed to the shrubs and other herbaceous
plants present in the samples from these areas. However, that shrubs
or bushes are not always rich in sodium and chlorine is soon realised
from an inspection of the tables in the appendix giving the analyses
of individual samples from Areas 12, 13, and 14 where many * hush ”’
and ‘“ bush and grass >’ samples were collected.

From remarks made in the oft quoted bulletin by Mitchell and
McClure (loc. cit) it appears that 25-0 grams of potassium daily is
more than enough to carry calves through growth and gestation. Also,
in the light of work done at this Institute [Thetler et al (1927),
du Toit et al (1934)] it would seem that 32-0 grams of potassium 1s
adequate for the production of 2 gallons of milk daily, although
18-0 grams are secreted in the milk. The requirements of growing
cattle for sodium and chlorine are considered very low, about
15 grams of sodinm and less than 5-0 grams of chlorine per day
being taken to be sufficient. Finally, it 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 he
enough for growth and gestation. 11-0 Grams of sodium apparently
snfficed for the normal production of the same amount of milk per

LY.

Assuming again an average dry matter consumption of 16 1b.
per day it would mean that the dry matter of the ration of a cow
producing 2 gallons of milk per day should contain 0-45 per cent.
potassium and that of a growing bovine 0-34 per cent. Reference
to Table 10 showing the average potassium content of South African
pastures indicates that the probability of a potassium deficiency in
animals grazing on these pastures is indeed remote. .
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P. J. DU 10IT, J. G. LOUW AND A. J. MALAN,

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 per
cent., respectively. An inspection of the relevant tables describing
the average percentages of sodium and chlorine in our pastures
reveals that the requirements of growing cattle for chlorine will
at all times be met by 16 1b. of pasturage, while in some areas and
then only for a few months during the dry season the chlorine intake
on veld alone will not be sufficient for the production of 2 gallons of
milk. On the whole sufficient sodium will be ingested with 16 1b.
of pasturage (dry matter basis) for the requirements of growing
cattle. The sodium content of especially the grassland pastures are
extremely low (0-01 per cent. of the dry matter) during winter,
lower, therefore, than the necessary percentage for normal growth.
But, since growth is in any case greatly retarded by a deficiency
of other factors (phosphorus and protein) the deficiency of sodium
during the said period may not in itself be considered serious. On
the other hand, if the estimated sodium requirement in terms of a
percentage of the ration of a cow producing 2 gallons of milk daily
1s considered in relation to the sodium figures given in Table 11 a
serious sodium deficiency is seen to occur in the pastures of the
Grassland Areas 1, 3, 6, 7, 8 and 12 throughout the whole year and
in those of Areas 9, 10 and 11 during winter. In all other areas
the pastures contain sufficient sodium for the requirements of lactating
aninals.

() C'rrpe F1BRE AND Sornrnre Asd.

The percentage content and wvariation of the individual
constituents of the ash of the pasture samples from month to month
discussed in the preceding pages should naturally be reflected in the
figures for the total soluble ash given in Table 14. Individual
constituents present in the greatest amount and subject to the greatest
fluctuations will largely determine the content and variation in the
average values for soluble ash. That this is so is evident from a
study of the average percentages for individual constituents and
soluble ash given in Tables 2 and 3, Tables 8 to 12, and Table 14,

respectively.

Average monthly figures for crude fibre, the last of the list of
constituents determined, are presented in Table 13. A glance at
these figures does not reveal marked differences in the crnde fibre
content of the pastures in one area from another, nor ir +he monthly
figures of any one area, the range of variation for all > months of
the year and all the areas being approximately 30-0 to 55%-0 per cent.
(Closer examination of the data, however, justifies reference to a few
minor differentiating features in the crude fibre content of pastures
in the course of the vear and ir +he various areas. In the first place.
though fluctuating most irregr rly reaching in percentage amount
dm‘lng some months the hlg“her Jimit indicated above for the pastures
of the country as a whole, the crude fibre figures for the areas in
the Desert Shrub and Desert Succulent regions are somewhat lower
than those for areas in the Grassland regions. Div 1d1ng the 18 areas
wnto three oups, v  Nos. 1-12 (grass), Nos, 13-16¢( tsh ), a
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No. 17 and 18 (desert succulents and desert grass), and calculating
monthly mean values for each group from the averages in Table 12
results in annual ranges of variation of 34-6G-37-2, 32-1-34-9, ar

31:6-37-2 per cent. crude fibre for the three groups, respectively.
The calculated mean values given in Table 15 show the irregular
fluctuations previously referred to. llowever, in the case of the
. sert Succulent region values tend to be lower during the winter
than during the summer months. Reference to Tables 2 and 3 reveals
that both phosphorus and protein values, especially in Area 17, are
higher during winter than in summm:  indicating herbage at a younger
stage of growth for the winter months, and this circumstance again
being responsible for the lower crude fibre values as indicated above.

The mean figures for crude fibre for the grass pastures of Areas
given in Table 15 and presented graphically in Figure 6
wyosher with the corresponding mean protein curve to be referred
to anon show a fairly well-defined -~easonal tendency which applies
more or less to each of the indivi 1al grassland areas. The mean
figure is highest in August and then falls gradually to a minimum
value for the vear in November and December. After being at a
slightly higher level during January, February, and March the mean
value drops to a second minimum in April after which it steadily
rises to the maximum in August referred to above. This curve
representing the mean crude fibre content of grass pastures from
January to December indicates in  :neral that in winter when the
veld, as has been shown, is poorest in the essential nutrients, phos-
phorus and protein, it is at the same {ime more fibrous and
consequently less palatable than in the summer when the percentage
content of the nutrients mentioned are at their highest levels for the
vear. Iurthermore, the curve obtained from the analyses of samples
collected by ftollowing animals is cousidered to be a fairly true
reflection of the manner in which one would anticipate how the
grazing animmal would select its food from the available pasturage as
the purely physical condition thereof changes in the course of the
yvear. In August practically all grasses are brown and dried out;
the animal has no option and has to select its food from such pastures.
The ingestion of pasture of a fibrous nature is inevitable. From
September the temperature rises, rains begin to fall in light showers
(c.f. Table 1) and a small amount of green succulent growth becomes
available to the animal, not, however, sufficient to fulfil its require-
ments; 1t still has to graze on the old growth as well. The amount of
new growth in the meantime increases with increasing rainfall until
in November or December the animal will be grazing on green
pasture only. A gradual decrease in the fibre content of the ingested
food from August to December may thus be expected on natural
pastures which have not been burnt earlier in the year. Kxcept
where a scientific system of pasture management is praetised or
where the pasture is overgrazed, the grazing animal will not be able
to prevent the fast growing grasses from reaching the seeding stage
of growth during the rapidly growing season of the year. While the
pasture is still in a green and succulent state the animal will graze
during January, Pebruary, and March freely on these flowering and
seeding grasses which nevertheless contain a higher vercentage of
fibrous material than was the case in November and © ¢ ber. 1In

168

1 19






FEEDING VALUE OF PASTURES IN SOUTH AFRICA.

April the grasses begiu to dry out, some becoming hard and fibrous,
with the result that the animal is bound to be more selective in ifs
choice of food than during the previous months; long fibrous stems
with partially dry seedheads will be avoided and for a short time the
material consumed may be expected to be less fibrous than that
ingested 1n say, January. However, with practically no more rain
falling and with the onset of the cold winter months the grasses turn
brown and become dry, so that the animal is in an ever increasing
degree dependent on dry, mature pasturage from May to August, a
circumstance which will naturally result in an increase in the fibre
content of the food consumed during the said period. That the curve
(Fig. 6) representing the changes in the fibre content of the samples
collected in the grass areas (Nos, 1-12) conforms in general to the
known seasonal chemical and physical changes of grasses but more
50 to the highly probable method by which the animal will seltct its
tood from the available pasturage as outlined above is taken as a
strong indication that the samples collected for this mineral survey
are representative of the food actually selected by animals under
grazing conditions on natural veld.

In connection with the relatively small variation in the crude
fibre figures in the course of the year, for instance 34-6 per cent.
for December to 37-2 per cent.for August it should be pointed out
that ““ whilst . . . the actual figure for crude fibre may be of =
similar magnitude in two different herbage samples, the changes
taking place in the structural material of plants with age will result
in decreased digestibility of the crude fibre ”’ (Louw, 1938). In terms
of digestibility crude fibre the seasonal fluctuations for this
constituent in the pastures would thus be much greater than those
indicated hy the figures in Table 15.

(6) INTERRELATIONSHIP 0F SOME CONSTTTUENTS,

In view of what has been said when discussing the results it may
be expected that a fairly close correlation exists among some of the
constitutens determined, especially in the case of samples composed
exclusively or predominantly of grasses. The following correlation
coefficients calculated from the average monthly figures for the
samples from three of the eighteen areas are representative of grass
and of desert shrub veld:—

Correlation Coefficients.

Grass Desert Shrub.

Area 1. Area 14. Area 16.
P and protein ... ... + 97 + 66 + 32
Pand Cl ... ... ... ... + 92 +-65 - 30
Pand K ... ... .. ... + -97 +-81 + 12
Protein and X ... ... + 92 + 76 + -85
Protein and C1 ... ... + 92 + 35 -~ 29
Kand C1 ... ... ... ... +-98 + 43 --09
Na and Cl ... + 69 +-5H9 + -88

et
-X
<
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These coefficients show for Area 1 (grassveld) almost perfect
correlation for the constituents us tabulated, with the exception of
sodium which, however, still shows quite a significant correlation
with chlorine. On the other hand, in Area 16 where samples c
posed of bushes predominated the ouly close correlation is tnat
between sodium and chlorine, all other correlations being insignifi-
cant. Area 14 where the samples analysed may be divided into about
equal numbers of grass samples and samples composed of bushes takes
an intermediate position with regard to the correlation coefficients of
the constituents. The coefficients range, in fact, from an insignificant
(K and Cl) to a fairly close correlation (P and K). The inverse
relationship between crude fibre and erude protein referred to in a
previous publication (du Toit et «//1935/) has been statistically
established by the calculation of the correlation coefficient of the
mean monthly figures for these constituents in the grassveld region
as a whole (Areas 1 to 12). These mean values are presented
graphically in Fig. 6 and the coefficient caleulated, viz. — 077 shows
a fairly close negative correlation.

Since it plays under certain circumstances such an important
réle in the mineral nutrition of farm animals it will be of interest
to devote some space to a consideration of the calcium-phosphorus
ratio in conjunction with the percentage amount of these elements
in the pasture samples in the course of the year and in different
regions of the Union. IFor this purpose the eighteen areas have
been grouped as indicated in Table 16, those somewhat similar in
regard to the calcium and phosphorus contents of their pastures
falling within the same group. From the average figures for calcium
and phosphorus in Tables 2 and 8 those given in Table 16 for sets
of areas have been calculated.

As may be expected in view of the seasonal fluctuations of
calcium and phosphorus previously discussed the proportion of
calcium to phosphorus is greatest during the dry winter months in
all grass pastures. In the first group (Areas 1 to 4, 7, and 8) the
ratio increases from 2-19 in November to a maximum of 4-30 1in
July. Areas b and 6 with higher figures for both elements, show
somewhat lower minimum and maximum calcium-phosphorus ratios
th:  the first group of areas. The calcium figures for the two
sections, Area 10 and Areas 9, 11 and 12, of the Parkland region
are practically the same, but owing to befter phosporus values in the
pastures of Area 10 the proportion of calcium to phosphorus in this
area varies from 2-48 to 5-38 as agalnst a minimum of 2-84 and a
maximum of as high as 8-72 in the pastures of Areas 9, 11 and 12.

In spite of calcium values about twice as high as those for the
grass areas 1n the first group, the ratios of this element to phosphorus
in Areas 13 and 14 are very similar to those in the said group of
grass pastures, ranging from 2-25 to 4:77. Ratios in the pastures of
Areas 15 and 16 remain high throughout the year, fluctuating from
5-26 to 6-29, while the highest proportions of calcium to phosphorus,
viz., 7-48 to 11-52, occur in the Desert Succulent and Desert Gross
pastures (Areas 17 and 18) of the North-Western Cape.

171



FEEDING VALUE OF PASTURES IN SOUTH AFRICA.

ZI-T sevaaw jo saangswd ssBIF [rwanjnu

=]

9yl JO SIUOIUOD BI(Y epuwIy» pur uejord pniy uwIW B} UL SuOnBLILL RuAs  AYD BUIMOYL—0 "B
el AON 120 1deg ‘Bny “Apnp unp ‘hepw ady YoJEW ‘gad uen
I T I ] T T ! T T T f o Joie
—10% (03
—10-v |o¢ge
S——
Ve -~

Vs O o

——— BN

— ~ &
~ ~09 gove
\v\ So— 3 o
T~ ol &8
~ H oo
; b=
ET \ /O// 3

S~
\\ *LL 0 — = JUINDIJJI0D UO|}e|III0D PO-8 |0-9¢
\
‘upeolg O

0-0l |0-9¢
0-Zt |0-Lg

172



P. J. DU TOIT, J. G. LOUW AND A. I. MALAN.

1t is doubtful whether the ratios of calcinm 1o phosphorus are
sufficiently unfavourable to have any determinable effect on the
growth of animals under conditions of practical farming except
perhaps during periods of acute phosphorus deficiency. Under such
conditions, rectifying the phosphorus deficiency would be the first
concern, which then automatically improves the ratio problem.
There can be no doubt that an unfavourable ratio of calenr to
phosphorus, especially when the latter is present in insufncient
ainounts, as 1s almost Invariably the case throughout winter in
South African pastures, enhances the bad effects of the phosphorus
deficiency considerably, but it has not been possible to show that
ranching cattle receiving a phosphatic supplement in accordance
with their needs were eftected significantly by increasing the calcium-
phosphorus ratio of their intake from 3-4:1 to 10:1. This is
fortunate, as the use of most phosphatic supplements in practice,
such as bone-meal, precipitated calcium phosphate, degelatinized
bone-flour, etc., would increase the calcium 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 feeding is almost
prohibited by their cost. It is considered, however, that taking the
pastures throughout the year and the variation of their calcium-
phosphorus ratios from approximately normal values during the
periods of active growth to unfavourable ratios during periods of
food scaveity, such as drought and winter, in summer rainfall areas
when phosphatic supplements are usually given and incidentally
improvement of the ratio brought about, what appears to be a
periodically unfavourable ratio, 1s without practical effect on
animals entirely dependent on pasture for their food supply. At
all events, i1t was not possible to demonstrate any effect on growth
and blood phouphmus in the case of growing cattle that were running
on pasture and receiving a caleium and phosphorus supplement
daily to ensure a Ca:P ratio of 10:1 of their feed for a period of
two years.

GENERAL SUMMARY AND CONCLUSIONS.

A final report is submitted on work started in 1930 on the
mineral content and feeding value of South African natural
pastures.

In the course of two successive vears close on five thousand
samples of natural pasturage were collected by tollowing grazing
animals on farms situated all over the Union of South Africa and
forwarded to Onderstepoort, where they were chemically analysed.
The object in following animals while the samples were being
collected was to ensure that such samples were as closely as possﬂ}le
representative of what the animals actually consumed oun the day of
collection.  All sawmples were analysed for crude protein, crude
fibre, silica-free ash, phosphorus, calcium, magnesiuin, potassium,
sodium, I chlorine.
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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 34-6-37-2 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 1n the dry matter of South African pastures.

(10) 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. Tfurthermore, on the basis of the average values
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,
erude 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 danger of a potassiuin and magnesium
deficiency extremely remote.

(13) The pastures of the Union are at no time deficient in
chlorine. A cow producing two gallons of milk may, however, nou
ingest sufficient of this constituent on the winter pastures of some
of the grassland regions.

Since, unlike phosphorus or caleium, 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 iminediately 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 respousible 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
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