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The monthly yields of dry herbage for the two sencons arve
represented in graphical form in conjunction with the mon ly rain-
fall in figure 2. The total rainfall for the month preceding a cut
has been made to coincide with the point representing the yield of
grass from that particular cut. Generally speaki»~, the curve
describing the yield of dry matter may be considerc to vary in a
manner similar to that depicting the rainfall for both seasons. In
connec m with remarks made earlier in this section there are, how-
ever, certain features in the graphs which deserve to be mentioned.
For the 1935-36 season the =riod preceding the first cut in January
was characterised by a low rainfall associated with high average
day temperatures (c¢f. Fig. 1). During this period only about 26
per cent. (cf. Table 6) of the total growth for the season took place.
Good rains during January and February resulted in active growth,
the grasses reaching maximum seasonal production with the cut made
early in March. In spite of the fact that the best rainfall for the
season was recorded for the month following the cut early in March
the production of herbage decreased by fully 50 per cent.

Turning now to the data for the 1936-37 season it is found that
with climatic conditions approximating the normal about 60 per
cent. of the total seasonal production of herbage was obtained with
the two cuts in December and January. The yield in February was
practically the same as for January but the next two months con-
tributed only about 17 per cent. towards the total for the season.
The rainfall during this final period was decidedly low, especially
during March, and the average day temperatures were high. At the
time of the February cut the soil was over-saturated with moisture as
the result of the heavy d~~upours experienced a few days earlier.
Nevertheless, growth was  served to be extremely slow, even while
the soil was still wet. The effect of the drastic treatment (monthly
cuts) on the vitality of the plants may have been partly responsible
for poor growth directly after the Iebruary cuts. However, the
yvield of dry matter under more lenient systems of cutting was also
greatly reduced during this final period of the season. Ior instance,
the indices for average seasonal yield of dry matter for species
combined for the 2-monthly cutting treatment were 2,439, 3,338, and
1,360 for December, February, and April jrespectively.

In any case, 1t would appear that, while during seasons of
norntal rainfall the period of optimum growth is independent of the
rainfall, it does depend on rainfall during dry seasons. For the
1935-3( season this period of most active growth occurred at a later
date than during the following season. The evidence her~ produced
and from the previous publication (1935) seems to suggest at in the
case of the species studied 2 period of optimum growth is Hecember-
January (cf. 1936-37 season and previous results), but that in the
event of negligible rain prior to December or January it may occur
later in the season (cf. 1935-36 season).

In this connection the results of Frumble and Cornish (1936) are
of interest. From a statistical analysis of data pertaining to the
influence of rainfall on the yield of natural pasture at the Waite
Institute, Australia, a region of winter-rainfall, these workers found
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the correlation between yield and rainfall to be strongest i the
period April to June, which coincides with the early stages of
seasonal growth.

3) Tax INvLUBENCE OF FREQUENCY oF (UTTING ON (CHEMICAT,
CoMPOSITION.

The detailed analyses of the herbage samples obtuined under
different frequencies of cutting for the whole of the experimental
period are given in the appendix by Tables A to 1. The last columns
in the tables giving a description of the grasses as cul require
explanatic These notes aim at giving a brief description with
reference to the general appearance and the stage of growth obtained
at the time of cutting. Ileight measurements were not actually
made. Ilowever, when the grass was estimated to have grown to a
height of only 6 inches and less the term = short 77, and when to a
height of morve than 12 inches the term ** long ™ has been used to

deseribe  the appearance.  No descriptive term was applied for
estimated heights between 6 and 12 inches.  Turthermore, an

attempt has been made to indicate the stage of growth reached by
the herbage by using the terms ° pre-flowering 7. *“ a few flower-
heads appearing 7, flowering 7, 7 with  flowerheads 7, ““ seceds
falling out 7', and ** seeds fallen out, inflorescences and some leaves

browning 7, to indicate the advancing stages of maturity.

In comnection with the arrangement of results into separate
tables for different cutting treatments it should be pointed out that
the cuts of the Gth April in table C are i reality monthly c¢uts and
not 3-monthly cuts; also, the April cuts in table H are 2-monthly
and not +-monthly cuts. Furthermore, since there was no difference
between 4- and G-monthly treatments in the 1935-3G season the
analysis given in table D is that for a single final cutting for each
speciex,

From the tables in the appendix tables 8-12 giving the average
composition of the dry matter obtained under the different svstems
of cutting have been compiled. TFigures for total ash have been
mcluded.  These are not veliable owing to the unavoidable inclusion
of traces of soil which cannot be removed in the cleaning of the
sample. However, the values for silica-free ush form a reliable index
of the total minerals present in the herbage.

Tt 15 not mtended to discuss the chemical composition of the
hevhage in detail as this has been done for similar data in previous
publications by du Toit and hix associates. The salient features which
have a direct hearing on the present investigation may, however,
again be mdicated briefly.

(ay Phosphorus.——While the magnitude of the decrease differs
with species the phosphorus content of the herbage diminishes on the
whole uniformly from monthly cuts to G-monthly cuts, the relative
amount in the single cut at the end of the season being only about
o0 per cent. of that present in the monthly cut herbage. Tn all cases
the figures are low compared with the figures of European investi-
gators but : » similar to values obtained previously at Onderstepoort
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and by Taylor (1922, 1929), and compare favourably with data
secured by Australiun workers (Richardson et al, 1931, 1932) for
grasses at the same stage of growth.

(0)y Caleiwm and Magnestuwin.—The percentages of these consti-
tuents do not show appreciable variation with stage of growth. With
the except~n of Chloris gayana and Netaria Lmd('nbeu/ulnu there
appears to 2 a tendency for these minerals to decrease with decreased
frequency of cutting.  DPetrie (1934) pointed out that the relative
amount of caleium declines during adolescence and thereafter remains
constant or rises,

(¢y Potassium and CLlorine.~-Both these constiluents are in-
Huenced to a considerable extent by the stage of maturity of the
herbage.  With few exceptions (c¢f. K-values in 4-monthly cuis for
the 1936-37 season) a fall in the content of potassium and chlorine has
been observed with advancing stage of maturity.

(ely Sodiwn. —Whilst fluctuating somewhat in some species the
general tendency for this element is also to decrease with age 1n the
plant.

(e) Crude protein—~Generally speaking, the variations due to
the mfluence of cutting treatment in the content of crude protein of
the herbage are similar to those for phosphorus, the relative amount
falling rapidly with decreased frequency of cutting.

()Y Crude Fibre—The cirude fibre content of the herbage varies
more or less inversely with the crude protein content, the highest
percentage of the former constiluent corresuonding W]th the lo“ est
-alue for the latter.

(g) The Ether-soluble cxtract of different species shows different
variations with age 1n the plants. In the case of Panicwm marimum
and Cenclirus ciliaris there 15 a definite drop 1n the percentgae ether-
soluble extract with increasing degree of maturity for both seasons
of the experiment. The same tendency is noticeable for the other
species studied for the 1935-36 season, but during the following
season the values for ether-extract show irregular fluctuations with
the different treatments.

(fy Nilica-free dsh.—Since all the mineral elements determined
are constituents of the silica-free ash and whereas with few exceptions
the relative amounts of these elements decrease with decreasing
frequency of cutting it mayv be expected that the percentage of 5 ca-
free ash will vary in a similar manner. A glance at the tables shows
this to be the case.

(1) Nitrogen-free extract.—~The percentage content of this con-
stituent in the herbage of varving degree of maturity varies very
little and shows no definite tendency. 1t should, however, he poinied
out that the accuraey of the figure for this fraction is dependent upon
the accuracy with which the fractions on which its calculation 1s
based have heen determined. As previously stated the figure for
total ash, one of the relevant fractions, 1s unreliable owing to the
unavoidable inclusion of soil particles m the samples analysed.
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(7) Dry matter of lerbage as cut.—On the whole there 1s a ten-
den( \ for the dry nmttel content to increase with age in the len‘r
With one exception, viz., the final cut for the Uz,«/zfa/m species 1
April, 1936, the highest percentage of dry matter was obtained in
the herbage which grew undisturbed until the end of the season, j.e.
the 6-monthly cuts. The rise to the highest value does not, however,
proceed uniformly with decreasing frequency of cutting. Rigg und
his associates (1932) veferred to the profound influence of climatic
conditions on the percentage of dry matier found 1n green pasture
mown at the growth stage of 23 inches 10 3 inches in length, Drought
and low temperatures rvetarded pasture-production and were invari-
ably associated with high percentuages of dry matter in the growth.
With suitable moisture and temyperature conditions, pasture produc-
tion was highest, and tlhis was accompanied by low percentages of
dry matter.  The influence of climate on the diy matter content of
herbage in the present investigation is hest illustrated by reference to
tables 6 and 7, giving the seasonal production of the grasses and 1o
tables A and E in the appendix giving the seasonal dry matier
content of the herbage. A study of these tablex reveals the fact that
the most active growilh in March, 1936, and in January and Februarvy,
1937, 1x associated with the lowest values for dry matter content 1n
the course of the respective growing seasons. On the other hand, the
highest percentages of dry matter are found in the herbage of the
periods of drought as is evident from the figures for dry matter 1n
the herbage cut in Januwary, 1936, and in April, 1937, Tt would
thus appear that while the process of drving off of mature lherbage
towards the end of the growing season is vesponsible for high values
for dry matter, the amount of this constituent in the fresh herbage in
the course of the growing season is largely influenced by the prevailing
climatic conditions.

With reference to the seasoual composition of the grasses (see
tables A and 15 in the appendix) the conclusion arrived at in a
previous publication (1935) that ““ in the absence of soil and ¢hmatic
deficiencies stage of growth is the main factor influencing the mineral
and protein content of pasture species 7 appears to apply equally well
to the data for this investigation.  Low values for phosphorus and
a relatively high level for caleium and magnesium contents are again
1 evidence durtng periods of dry weather. At the same time, the
protein content does not appear (o be affected adversely by unfavour-
able climatic cor  fions.  In any case, the composition of monthly
cul herbage cann be considered 1o show marked seasonal variations.
During some months a slightly more or less advanced stage of growth
is attained b VA species when compared with its growth of the previous
month and resulting in a slight decrease or increase in the percentage
content of the (nnshtuents, bu’r, on the whole, the monthly growths
of the grasses studied must be looked upon as herbage of a compara-
tively hwh composition at a comparatively early stage of growth.

In regard to the more essential constituents from the standpoint
of animal nutrition the grasses studied do not show outstanding
differences after the same period of growth. On the whole, for
montl - cuts, Pantcum marimum has the highest average phosphorus
content, Setaria Lindenbergiana and Cenchrus ciliaris top the list for
protein content, while the lowest values for these constituents are
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from individual replications was not analysed separately the statistical
nmethod employed in the analysis of the vield data could not be applied
to the results of the chewmical analysis. The figures in table 15 giving
the vield of crude protein and phosphorus will thus be taken at thenr
face value,

The general tendency for the production of crude protein and
phosphorus with different eutting treatments is just the opposite of
that for the vield of dry matter, the highest yield for crude protein
and phosphorus occuring in the more drastic systems of cutting.
While there 1s no difference in protein production by the monthly
and the 2-mo thly systems for the 1935-36 season a steady decrease
is indicated as the intervals between cuis become longer. A similar
state of affairs oblains in the data for the following season except
that under the monthly system of cutting the production of crude
protein is aclually less than under the 2-monthly system of cutting.
The comparatively low production of dry matter for the three-monthly
system, to which reference has been made previously, is mainly respon-
sible tor the deviation from the general tendency shown by the figures
for this system in the 1936-37 season.  The vemarks made 1m regurd
to protein production apply equally well {o the production of phos-
phovus, except that the highest production of phosphorus was obtained
by the monthly system during the 1935236 seuson.

The results for the present investigation theu, confirm the con-
cluston reached by du Toit and his associates (1935) in a previous
publication from this Institute 1u that, under the conditions of the
experiment, the highest vield of crude protein and phosphorus 1s
obtained when grass species are cut at intervals of two months during
the growing season. Whether 1t may be advisable to forfeit  is
advantage for the sake of a higher vield of dry wmatter which may ve
obtained under more lenient systems of cutiing will depend on the
results of the digestibility trials to be considered later in this publica-
tion. 1t should be pointed out that by & monthly system of cutting
the total production of crude protein and phosphorus may be of the
sante magniiude as that from the 2-monthly svstem, but the signifi-
cant decrease 1n dry matter production and the effect of the severe
treatment on the vitality of the plants remove thix system from the
realm of pra  cal considerations.

To conclude this section, the markedly lower production of the
nuirients under discussion for the 1936-37 season in comparison with
the figures tfor the previous season may be briefly referred 1o, The
tendency for lower values for phosphorus and protein in the herbage
of the 1936-37 season has already heen indicated. Irom a considera-
tiom of the data for the yield of dry matter during this season (see
table 13) it appears that the decreased production of dry matter is
mainly responsible for the diminished vielkl of erude protein and
phosphorus.

In comparvison with grazing by animals whose droppings arve left
behind (o enrich the soil the utilisation of pasture as hav or silage
suffers from +the disadvantage that the soil i1s continually being
depleted of n1 lents whereas nothing 1s returned to it. It is realised
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that other factors may have influenced production during the 1936-37
seasor - the soil may not have been the most suitable for the species
studie  and the climatic conditions may not have been ¢ ideal ™’
for maximum production. However, from purely theoretical con-
sidevations the application of fertilisers to pasture which is utilised as
hay or silage becomes a necessity if continued production at a high
level is aimed at. At the same time, as pointed out by Hall (1932},
1t may not be economically desirable to fertilise certain types of veld
when the more productive and desirable grasses do not occupy 18-25
per cent. of the area.

Sec »m B.—The nf '
“uttir © on the a
"alue of Grasse

VIii. E 2EF f ETA 3.
(@) THE GRASS SAMPLES.

The amount of material available did not permit of feeding trials
with the herbage of different cutting rotations from each grass species
separately. Accordingly, the a‘rgIeO’ate vield of herbage for the
seasor from any one cutting treatment where the perlod Cof growth
was a 1ally that indicated by its designation, for all species combined
was 1 ted and treated as one sample for the purpose of determining
digestinility. Furthermorve, since the plot experiment was continued
for only four months (hllll](" the 1935-36 season those portions of the
plots which normally should have been harvested after six months
weve cut on the same date as the 4-monthly portions, so that for the
said season herbage of only four different degrees of maturity was
obtained. The materials may be designated as monthly, 2-monthly,
3-monthly, and 4-monthly cuts. During the 1936-37 season cutting
was cominenced earlier in the season with the result that herbage
of five different degrees of maturity became available, na ely 1, 2,
3, 4, and 6-monthly cuts. In all nine digestion trials had, therefore
to be conducted.

(b) Tur ANTMALS.

Three full-grown Merino wethers weighing on an average 70 1b.
at the commencement of the investigation were employed. These
animals were selected from a group of six sheep which were shorn
on the 30th November, 1936, and which served from this Jate until
the 24th Deceruber in a digestion experiment with lucerne ay. The
sheep were fed at the rate of 600 grams air-dry materi per day
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and the facces were collected 1y a canvas bag, which wax attached
by a webbing hawmess, during the last nine davs of the trial. The
three sheep selected for the grass hay experiments continued to
recelve the same anount of lucerne hay wntil the 19th January, 1937,
For ten dayvs prior to this date the animals were placed in specially
constructed metabolism crates where faeces and urine were collected
daily.  In this way the animals became used to the crates »nd, at the
same time, a duplicate sel of values for the digestibility « the s e
lucerne hay Lecame availuble, namely, by collecting the taeces 1 a
bhag attached to o harness and, on the other hand, by collecting the
facces on o wire sereen inoa metabolism crate. The coeflicients of
Qrgestibility obtained by the two methods are given below :—

Organic Crude Ether N-free Crude
matter. protein. extract. extract, fibre.
S . \
Bag collection. ..o o0 637 T6-6 42-2 721 16-2
Sereen collection. oo oL | 657 7609 435 737 192

In genceral good agreement between {he results is indicated.

() Tar Equiearsr.

The met: olism crates used in the experiments were constructed
locally in accordance with those employved wmonest other places at the
THinows Kperimental Station for sheep and pigs. Some of 1 features
i the construction of the crates may he briefly mentionsd  The
inside area on which the animal can move about 18 (5 x «  xquare
feet.  One end opens out into a detachable, galvanized 1ron feed
manger.  Water 1s supplied in 0 Hugh attached on the 1nsi + away
from the feed manger. There are two false bottoms to the crate, an
upper wire screen of half-inch mesh on which the animal stands and
which permits the exereta to pass through.  About four inehes helow
the first floor 1s o second wire screen of '/, inch mesh whi catehes
the faeces and allows the urime to pass through on te the funnel-
shaped real boitom, and so into a receptacle below the crate.  When
collections of faeces and urine have to be made the upper part and
the animal are moved over on 1o a cleaning table hooked on the crate
and supplied with screens and a funnel-shaped hottom similar to
those of the erate proper. During the preliminary periods the sheep
are kept in separate feeding pens measuring about (16 x 9) square feet
and of which ouly about a third is under cover with the result that
the anumels may  enjoy  sufficient  direct =unlight during all
preliminary feeding pertods.

() GENERAL SCNEME OF TUE TRIALS.

Table 14 shows the order in which the digestibility of 2 nine
sumples of herbage was tfested together with the duration of {he
preliminary and collection periods.
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uneaten. Irom the 25th April until the conclusion of the preliminary
feeding pericd on May 2 sheep 5 and 6 consumed their rations of
700 grams daily completely, but number 4 continued to refuse about
10 grams per day. 1t should, however, be mentioned that the
animals did not appear to relish this ration as well as that offered
during the succeeding period (6). From then on until the conclusion
of the trials with period 9 no difficulties were experienced and the
sheep appeared ) like the feed offered.

- With the exception then of periods 1 and 5 when the prliminary
periods lasted 18 and 14 days, respectively, the duration of these
feeding intervals was 8 days and the collection of excreta was
vontinued for 10 days for all experiments.

A preliminary period has to be of such length that the excreta
can be presumed to represent the experimental ration. or this
purpese & period of & to 10 days iz geuerally accepled to be of
suflicient dura m in the case of the ruminant. Lenkeit (1932
determined the iame interval taken by an experimental feed, coloure
wi  fuchsin, to pass completely through the alimentary tract .
various animals. In the case of the sheep he found that after 7 to v
days 97 per cent. and more of the experimental feed had been passed,
while complete excretion of the small amount of remaining coloured
feed took 16 to 21 days with grains and 12 to 13 days with coarser
fodders. Tusufficient ingestion of roughage had the effect of further
retarding the complete passage of an experimental ration. In view
of these findings and since on the whole the difference in chemical
composition befween grass samples fed in successive periods in the
present series of trials was small, a preliminary period of 8 days may
be considered to have heen of sufficient length. TIn any case, the
amount of material available did not permit of longer preliminary
periods.

(e) SAMPLING OF HERBAGE.

I'rior to commencing a digestion trial the air-dry herbage to be
used in the experiment was chopped into approximately one-inch
lengths with a hand forage-cutting machine. The material was then
thoroughly mixed and three samples taken for chemical analysis. On
two of these, weighing about 300 grams each. dry matter was deter-
mined by drying to constant weight at 1002 C. in an electric oven.
These samples together with the third one of about 600 grams were
then finely ground in a high-speed mill, the wresultant material
thoroughly mixed and a representative sample taken for chemical
analysis on the ahsolutely dry basis. At the time of taking samples
for chemical analysis and dry matter determination of the hay as fed
the daily rations for the whole of the preliminary and experimental
periods were weighed out into paper bags. In this way fluctuations
in the dry matter intake from dav to day were obviated.

(/) ('OLLECTION AND SAMPLING OF THE EXCRETA.

The sheep were weighed at the beginning and at the conclusion
of each experimental period. Before starting a collection period the
crates were thoroughly cleaned and care was taken to remove any
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taecal matter adhering to the wool and hoofs of the animals before
entering the crates. The exact time of day when each animal was
put into its cleaned crate was noted, and taken *~ be the beginning
of the collection period which was also conclude at the same hour.

xcreta were collected daily at 9 a.m., except for the final
collection which depended on the time the animals were put into the
crates at the commencement of the period.

A clean bottle was placed under the funnel . the cleaning table
and the upper part of the crate and the animal moved over on to the
cleaning table. After brushing down any faeces adhering to it the
upper screen was removed. The lower screen with all the faeces on
it was then carefully taken out and placed on clean brown paper
spread on the floor of the metabolism room. Here the faeces were
transferred with a scoop and brush to a large enamal tray. Bits of
feed scattered by the animal were sorted out carefully and put back
into the feed manger to be eaten with the next ration. Particles of
crushed faeces which had passed through the lower screen were also
collected and added to the main bulk of faeces. The urine receptarle
under the crate was removed and replaced by a clean five-litre fla .
The screens were put back into position and rinsed with about x4
htres of distilled water using an ordinary watering can. he upper
part of the crate and the animal were then pushed back on to the
crate. Kxcreta passed by the animal while on the cleaning table
were likewise collected and added to the main collections.

he urine and ‘“ wa ings’’ were mixed and 25 cc. 10 per cent.
(by volume) sulphuric acid added to the mixture which was filtered
through glass wool. All containers were 1insed with a little distilled
water and these washings added to the main urine mixture which was
made up to a definite volume, usually four litres, «ith distilled water.
Both screens and the bottom of the crate were  roughly scrubbed
with a clean hard brush and rinsed with distilled water on the final
day of collection to remove any urinary matter which might have
adheled to the screens during the experimental period in spite of the
daily rinsing of the screens with water. The urine and washings
were usually 8 litres on the last dayv.

One-twentieth of the total volume of thoroughly mixed urine and
washings was taken each day and stored in a glass-stoppered bottle
containing a few crystals of thymoel. This composite sample was
analysed for nitrogen and mineral constituents at the end of the
trial.

ne urine container was replaced under the crate when the flask
with screen washings was removed. A few thymol crystals were
placed in the container as a preservative. At first acid (sulphuric or
hydrochloric) was used, but as it was found to cause the precipitation
of some hippuric acid its use was dispensed with.

Records were kept of water consumption as the tap water supplied
to the animals contained a certain amount of lime for which a
correction had, therefore, to be made in the lime 11 ke of the animals.
The sheep were fed in the morning directly after the completion of
the collection of excreta.
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systems of increasing frequency of cutting to 65-8 for e monthly
cuts, the highest value obtained for the digestibility of orgaunic matter
during this series of trails.

The constituent parts of the organic matter, namely, crude
protein, crude fibre, nitrogen-free extract, and, to a lesser extent,
ether extract show the same variations in digestibility with stage of
growth of the herbage, although differing at times in magnitude.
Thus, the apparent digestibility of the crude protein appears to be
influenced to a greater extent than the other constituents by the
maturity of the grass. The figures for the monthly and 4-monthiy
herbage of the 1935-36 season differ by as much as 22-2 per cent. in
favour of the herbage cut according to the former system. The
improvement in digestibility with increasing frequency of cutting is
as pronounced in the samples for the following season, the lowest

alue being 32-4 for the 6-monthly cuts as against 60-3 for the
monthly cuts. The composition of the crude fibre content of the
herbage samples may have influenced the apparent digestibility of
the crude protein in that, although the crude fibre content as deter-
mined for two different grass samples may be of the same magnitude,
there may be differences in the amounts of indigestible, encrusting
materials, such as lignin, which would protect portions of the protein
in some measure from enzymatic activity. Nevertheless, from a
comparison of the relevani figures in tables 15 and 17 there appears
to be a closer relationship between the crude protein content of a
sample and its apparent digestibility with constant dry matter intake.
In any case, the apparent digestibility of the crude protein of the
herbage samp}es tested remains an index of malurity.

Comparing again table 15 giving the percentage composition
of the dry matter “of the grass %ampleb tested with table 17 it would
appear that there is no consls’[ent relation between the percentage of
crude fibre in the hay consumed and the coeflicient of digestibility.
For digestion periods 1 to 4 the digestibility of the crude fibre
improves progressively with decreasing percentage of crude fibre in
herbage obtained under increasing frequency of cutting. DBut, for
dlo“estlon periods 5 to 9, whilst the digestibility increases in the same
progressive manner with the shorfenlntr of intervals between cuts,
the crude fibre content of the lLerbage remains the same for periods
5 and 6, then drops somewhat but is again constant for the three
final periods. Tt appears, therefore, that for the climatic conditions
obtaining during the two seasons of the plot experiment the figure
for crude fibre content as determined by the conventional method
does not as such indicate the extent to which it will be digested. More
knowledge is needed in regard to the actual chemical composition of
the crude fibre moiety. The results of work recently undertaken by
Norman (1936) show that ‘¢ the cellulosic structure of a plant 1is
underestimated in an irregular manner in the fibre determination ’’.
Whereas in young herbage the crude figure accounte for about
90 per cent. of the cellulose, in more mature herbage only 72 per cent.
was estimated. A contributary factor in this was foun to be the
increase of xylan in the cellulose with increasing age. ignin was
also found to increase with maturity.
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A South Atrican, an Indian, a European, and an American roughuage
have hLeen selected, and the c¢rude protein and crude fibre contents
have been included in the table to indicate the approximate stage
growth.

A distinet feature in the table is, with the exception of the
preirie hay, the higher coctficients of (11(’eh‘r1b1111\ for crude fibre 1n
v tion to those for the N-free extract. The ether extract values
are comparatively low in all cases, crude protein hus been digested
somewhat more efficiently in the South African roughages, and the
digestibility of the organic matter is distinctly low 1 the uropea=
mineral deficient hay in comparison with that for other havs reporte
in the table. In any case, the digestibility of the South African
fodders compares favourably with that of malerials of a somewhat
similar stage of gvowth in other countries.

The INFLUENCE OF FREQUENCY O CUTTING ON NUTRITIVE VALUR.

Table 19 gives a summary of the percentages of digestible
puirtents and starch equivalent in the dry matter of the herbage
samples tested in digestion periods 1 to 9. The starch equivalent
has  heen ‘:llculatt(l by the wusual formula, mnamely  (diges-
tible protein x 0-94) plus (digestible fat x 1-91) plus (digestible
crude fibre) plus (digestible mh()gen free extract).  Simee ° true
protein has not been determined the figure for diges*'ble crude protein
has been employed. To the value obtained accor ng to the above
formula the customary corrvection for roughages (nmellner, 1915) of
a deduction of 0-58 of a starch equivalent for each I per cent. of total
crude fibre in the hay sample concerned has been anvlied to arrive
at the figures for production starch equivalent (P.S ) in table 19.
From the method of computation 1t 13 evident that the figures
re  ssent net energy values, one pound of st :h ecruvalent, accord-
ing to Kellner, having a net energy value ot 1,07 calories.

The results in table 19 again bring out the imfluence of the stage
ol growth of tle herbage on its feeding value. The dry matter of
the 4-monthly cuts fed in pertod 1 contains only 44-00 per cent.
digestible organic matter including 2:27 per cent. digestible crude
profein as against H7-22 per cent. digestible organic matfer including
G- per cent. digestible crude protein in the herbage of period 4,
cat at monthly intervals during the 1935236 season. In the hay
sanples of the following season the digestible ()1‘g’;\11i(: matter imereases
i w ximtlarly progressive manuer from 42-80 per cent., mceluding
only 1-42 per cent. digestible crude proiem in the # m(mth]\ cuts to
A8-20 per cent. of which 5-07 per cent. is digesti  + crude protein,
m 2 herbage from the highest frequency of cutting fed in the final
pertod of the sertes of trials. The nutritive ratio s extrenely wide
i most cases, but 15 profoundly influenced by the stoge of growth
of {the grass samples.  Tor the 1935-36 samples it creases from
186 to the medium value of 7-8 1n the monthly cuts, while for the
1936-37 samples it remains wide tor all systems of eutting, but, never-
ihe%e« decreases from 29-G in the oldest to 106 in the voungest
herhage.
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As may 2 expected, considering the method of computation,
the starch equivalents vary similarly to the digestible organic matter
in the hay sa»ples studied, the values 1ncreasing from 21-92 to 38-18
and from 22 _ to 38-92 with increasing frequency of cutling in the
herhage samples of the 1935-36 and 1936-37 seasons, respectively.

Following a procedure employed by Woodman (1930) the
amounts of starch cquivalent which the sheep were consuming during
the periods of seemingly increasing liveweight were caleulated, For
this purpose (llg‘e>11<)11 periods 3 and 4 and (110‘6\11011 periods 8 and 9
were chosen(cf table 16). These two sets of periods were each of
about four weeks duration, namely, from the 14th March to the ~ h
April and from the 25th June to the 23vd July, to be henceforth
known as period A and period B, respectively. The average daily
consumpiion of dry matter per head was 1-41 1b. for period A and
the same amount, viz. 1-41 1lb., for period B (cf. table J). The
mean starch equivalent content of the herbage fed during the two
periods was 35:03 and 3745 for periods A and B, respectively, so
that the mean daily starch equivalent consumption of the sheep
amounnted to 0-49 1. in period A and 0-53 1b. in period B, and on this
they were able fully to maintain live weight. The mean weights of
the sheep (average for three animals) were 72:3 1h. in period A and
-4 1b. in period B. Emploving Rubner’'s formula, viz
E, -E, M i, where 1, and E, relate to energy cousumption and

0
V, and V, to the corresponding live-weights, the figures above for
starch equlvalent consumption become 0-61 1b. and 065 Ib. for a
sheep of 100 1b. live-weight in periods A and B respectively.

Wood and Capstick (1926) gave a figure of 1-26 1b. of starch
equivalent as the maintenance allowance for a sheep weighing 100 1b.
while Woodman (1930) indicated that 0-86 1b. of starch equlv alent
enabled o sheep to fully maintain 100 1b. live-weight. The mean for
the figures computed from the data of the present investigation,
namely, 0-63 1b. for a sheep weighing 100 1h. is exactly H0 per cend.
of Wood and Capstick’s figure and considerably lower than the value
caleulated by Woodman.  On the other hand, Mpllgaard (1931) in
his book *° Grundztige der Einihrungsphysiologie der Iaustiere ”
gave a figure of 703 NK, as the maintenance requirement of a sheep
weighing 50 Kg.  This, converted hy the expressions 2365 NK, =

Kg. starch equivalent and 5, - — 3 becomes 0-G2 1h. of starch
i

equivalent per 100 1b. live-weight, a figure which is practically the
same as that obtained above. However, Mollgaard’s figure has been
taken from the older German 111\(*\11m1t10n\ and the hﬂum of 0-63
above has been computed from the data of a short term trial under
experimental conditions, and may  for that reason be un under-
extimation of the mnet energy requireme enls for maintenunce, if the
other ficures quoted in the above discussion are to he considered as
standard values. In this connection it should be pointed out that the
figure here obtained has been calculuted from the data from the
helbarre samples of the l(m'es‘f degree of maturity, and it will
connequentlv 1>e still lower if mmputed from the data obtained in
periods 1, 2.5, 6, and 7. Tf, therefore, 00-63 1b. sturch equivalent is
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an under-estimation of the maintenance requirement, the animals
must have been on u sub-maintenance ration for the whole of the
serles of trials, and such a conclusion is unaccepiable in view of the
fact that the animals may be considered to hdve dt least maintained
body-weights for the period January 19 to July 23, a period of fully
6 months during which they subsisted entirely o the experimental
¥ ons, except for the 8 days between periods 4 ar 5 when they were
fed on the Tefi-lucerne hay mixture, the composition of which did
not differ materially from that of the grass hay consumed during
period 4.

Nevertheless, whilst the resulis of the present investigation secem
to indicate that the animals employed ave able 1o maintain live-weight
on much smaller amounts of starch equivatent than are demanded
by Juropean standards, they do ,on the other hand, focus atiention
on the necessity for lmlu—‘rum frinls with the nl)|u‘r ot extablishing
whether samples of erass hav obtained according {o the systems of
cutting applied during the two seazons of the experiment will at the
same level of dry matter intake provide suflici { nel energy to
mainfain live-weight, irrespective of the stage ot growth of the
grasses, and disregarding for the moment other deficiencies which may
be present in herbage of an advanced stage of maturity, such as
protein and phosphorus.  The present series of trials atmed primarily
at determining digestibility und were not planned for the purpose of
establishing the relative energy value of herbage of varving degree
of maturity for the maintenance of sheep, but thov do indicate the
necessity for utilising grasses al the vounger stages of growth.

To conclude this discussion 1t will be inferestire to compile a
new table from table 13, giving the production of v matter and
crude protein under the Jifferent t frequencies of cutting applied to the
grasses, 1n ﬂlo light of the data relating to digestion coetficients in
fable 17. Table 20 shows the plodlutl(m of (]1ge.~11 ble eyv - profein
and starch equivalent from each of the series of cutting catments
to which the grasses were subjected.

In view of the influence of cutting frequency on the digestibility
and gross production of pasture species discussed ea  er 1t may be
expecied to affeet the vield of digestible nutrients in a simtlar manner,
only 1o a more marked degree. A ¢lance at table 20 reveals the fact
that while there may be no difference between the monthly and the
2-monthly systems, the production of digestible n dents from any
one of these treatments 1s superior to that from the more lenient
svstems of culting.  The effect of repeated defolicions at wonthly
intervals on the vitality and yvielding capacity of e grasses 1s not
reflected in the vield of ¢ 109\111)19 nuirients for the first season of the
experiment but becomes (11>f111<T1) voticable during the second season,
when there was a difference of aliont 20 per cent. in the production
of starch equivalent in favour of the 2-monthly svstem of cutting.
In view of this circumstance there again seems to be justifiable
grounds for the conclusion reached earlier in thix report, namely that,
under the climatic conditions of ihe experiment, a svstem of entting
nafural veld grasses at intervals of 2 months during the growing
season will result in the optimum utilisation of such pasture.

215



INFLUENCE OF CUTLTING ON YIELD, ETC., OF GRASS SPECIES.

TasLu 20.

Seasonal production of digestible crude protein and starch equivalent
e pounds per acre.

| Cutting treatment.

\
J Season. ‘
\
\
J

! ' (
1 ‘ 2 3 | 4 J 6
‘ month. Jmonths. months. \months. "months.
Digestible crude protein....... 1935-36 | 128 122 l 81 | & ( 57
1936-37 82 R2 ‘ 58 J 49 ‘ 33
i N o _“‘ f
Starch equivalent............. 1935-36 738 729 ] 632 552 ‘ 552
1936-37 627 746 601 ‘ 596 f 514

(¢) TaE IxvrLUENCE o FREQUENCY 0F CUTTING 0N THE NITROGEN,
ProsprHoRTs AND CaLncium BALANCES,

The nitrogen, phosphorus, and calcium balances for ea~h of the
series of nine digestion trials appear in tables [, M ar of the
appendix, the period numbers corresponding with those in 1able 14.

Considering the average of the mean daily balances for the three
sheep 1t 1s r-~n that, except for period 5 when a negative balance
was obtaine  the amount of hay consumed provided sufficient
nitrogen to maintain the sheep in nitrogen equilibrium and to permit
of the storage of nitrogen in the animal organism during some of
the periods of the series.

From the data given in Table 21 it is possible to arrive at an
approximate figure for the nitrogen maintenance requirement of a
fullgrown Merino wether weighing about 70 Ih. (c¢f. Table 16).
From an inspection of Table 21 it may be concluded that during
digestion periods 1 and 6 the sheep were on an average in nitrogen
equilibrium, the amounts of nitrogen digested being 2-29 grams and
2-03 grams respectively. The mean value for the two periods, viz.
216 grams digestible nitrogen is assumed to be adequate for *he
~aintenance of nitrogen equilibrium. Since, however, the wo. of

e sheep always grows allowance for the nitrogen thus stored should
pe made in the maintenance requirement.

Mgllgaard (1931) gives an average amount of 14-0 grams
digestible protein to be the additional requirement for wool growth
of a sheep weighing 100 kg., or proportionally, 0-72 grams digestible
nitrogen for a sheep of 70 1b. live weight. The total requirement
for maintenance and wool growth would then be 2:88 grams
digestible mnitrogen or 18-0 grams digestible crude protein per
day for a sheep weighing 70 1b. According to Wood and
Woodman’s ““ Rations for Live Stock 7 (1932) a sheep of similar
weight would require 0-28 1b. per week or 18-2 grans digestible
protein per day. Tt should, however, be mentioned that the figures
in their table for protein are given in terms of ‘“ protein equivalent ’ .

216






INFLUENCE OF CUTTING ON YIELD, ETC., OF GRASS SPECIES.

The figure calculated above would be lower if given in similar terms,
depending on the pure protein content of the rations of grass hay
consumed, but would nevertheless be in close agreement with that
given in ‘‘ Rations for Live Stock . The amount of material
available did not permit of duplication of individual trials to establish
whether the nitrogen balances observed would persist indefinitely.
At the same time, there seems to be ground for the noint of view
that in the case of protein the growth obtained in a w weeks of
feeding or the rate of nitrogen retention in even shorter periods under
properly controlled conditions, will be representative of the adequacy
of the protein supply [Mitchell and Hamilton (1929)].

In any case, even if it is only approximate, the figure calculated
may serve the purpose of determining the relative values of the hay
samples fed during digestion periods 1-9, as sources of nitrogen for
the maintenance requirements of the Merino sheep. These values
appear in the last column of Table 21 and represent the weight of
dry matter which a 70 lb. sheep must consume daily of any one of
the different hay samples to ensure the ingestion of 18-0 grams
digestible crude protein, i.e. the requirement for maintenance and
wool growth. The figures afford yet another demonstration of the
profound influence of frequency of cutting on the nutritive value of
grasses. For instance, in the case of the samples of the 1936-37
season, a sheep has to consume no less than about 1300 grams
of the dry matter of the 6-monthly cuts for its nitrogen requirements,
whereas the nitrogen in only 356 grams of the dry matter of monthly
cuts 1s adequate for the same needs.

However, the dry matter intake remained practically the samne
for all the periods in the series of experiments and the p'~ne of
nitrogen intake consequently varied from period to period. nder
these conditions it will be interesting if the percentage utilization
or biological value of the nitrogen at the different planes of intake
corresponding with herbage obtained under different frequencies of
cutting were known.

In the nitrogen balance method described by Mitchell (1923)
the biological value of a protein is defined as the percentage of the
absorbed nitrogen which is retained by the body for repair or the
construction of nitogenous tissue. Due to the fact that a certawn
fraction of the faecal nitrogen is derived from the intestinal tract
and its secretions during digestion the ordinary coeflicient of
digestibility discussed earlier in this paper is not a true measwre of
the amount of nitrogen absorbed; the undigested food nitrogen only,
and not the total nitrogen in the faeces, should be deducted from the
nitrogen intake to obtain the amount actually absorbed. Further-
more, the urinary excretions contain nitrogen resuliing from tissue
catabolism as well as nitrogen resulting from incomplete utilization
of dietary nitrogen. It is obvious, therefore, that the body’s
contribution of nitrogen to the urinary and faecal excretions must
be assessed to permit of the measurement of the percentage utilization
of the nitrogen absovbed.

Various direct methods have been devised for separating the two
forms of faecal nitrogen by digestion of the faeces with enzymes or
special solvents, [Pfeiffer and T.emmermann (1901); Wahlbier
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(1930) ] but these are considered to be based on unacceptable assump-
tions and do not give the mformation desired | Wondman (1924).
Mitchell and Hamilton (1929, Watson and Horton (1 16) 1. Several
workers 1n the field of nutrition are now making use of indirect
methods for the estimation of the endogenous urinary faecal nitroeen.
[ Mitchell (1923), Sotola (192, Martin and Robinson (1922),  oas
Fixsen (1930), Hutchinson ar Morris (1936)].  Briefly the principle
of this method vesolves itselt into the measurement of the faeccal
and urinary excretion of uitrogen when the animal consumes a
nitrogen-iree ration complete 1n all respects except for the abscnce
of nitrogen. The body's contribution of nitrogen to the urinary and
faccal exceretions during periods of protein feeding 1s then measured
by the nitrogen content of the urine and faeces of the experimental
antmal when receiving a nitrogen free ration, the feo  intake being
such as to provide hiberally for the cnergy maintenance requirement.
I has alzo been shown that the excretion of nitrogen in the faecces
of animals on nitrogen-free diets varies divectly with the amount of
feed consuned.

The present series of trials were not planned for the purpose of
measuring biologieal values, but, since hoth the endogenous urinary
nitrogen and the metabolic faecal nitrogen of the same three sheep
(employved In these trials) were determined by Smuts (1938) in
experiments following dirvectly on the digestion trials, the values
obtained by him are assumed to be a fair indication of the endogenous
nitrogen metabolism of the animals during the digesti.  experiments
reported in this paper. Smuts fed a nitrogen-free ration containing
about 25 per cent. crude fibre and found the average endogenous
urinary ¢ | faecal nitrogen of the three animals to be 0-032 grams
nitrogen per kilogram body weight and 028 grams per M grams
tood intake, respectively.  Using these figures the percentage
atilizatior of the nitrogen estimated o have heen absorbed from the
rations fo in digestion periods 1 to Y has been caleulated in Talble
22 from the experimental data shown in Table 16 and Tables J and
of the appendix.  Average values for the {hree sheep have heen
used throughout.

A glance at Table 22 <hows that the figures for the ** true 7
digestibility greatly exceeds those for the * apparent ' digestibility,
the differences hetween the two zeries of values becoming less us the
nitrog  content of the feed conswmed increases. The uecuracy of the
figures tor the digestibility 15, of course, dependent upon the accuracy
of the figure for the metabolic faccal nitrogen, and since the
determination of the Tatter 1s based upon an indirvect method of
uncertain exactness, the values for the true digestibility must be
looked upon as only approximate. At the same time a shight under
o1 overestimation of the metabholic taecal nitrogen will not seriously
aftect the value caleulated for the percentage of nitrogen ufilised by
the animal body, ax hoth the numerator and the denominator of the
fraction determining the hiological value ave influenced by the figure
for the metabolic faecal nitrogen,

The accepted influence of the level of nitrogen intake on its
utilisation by the animal organisin | Mitehell (1923)] 15 clearly
demonstrated by the variations in the figures for the percentage
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utilisation in Table 22 with variations in the nitrogen concentration
of the rations. With increasing intake in periods 1 to 4, and again
in periods 5 to 9 the percentage utilisation tends to decrease, the
highest and lowest values being indicated for periods 5 and 4 when the
nitrogen intake was at its lowest and highest, respectively.

Whilst, therefore, the actual amount of nitrogen utilised for
maintenance and tissue growth was highest during those periods
when grasses at the younger stages of growth were fed, (see column

Table 22), the wastage of nitrogen in the metabolic processes
of the animal was least when the rations consisted of more mature
herbage. TIf the level of nitrogen intake had been the same for each
of the nine hay samples of varying degree of maturity tested, the
percentage utilisation of the nitrogen absorbed may be expected to
have been of a somewhat similar magnitude throughout. On the
other hand, from what has been stated earlier in this paper under
“ general scheme of the trials > with reference to the amount of
grass hay which e type of sheep employed in the experiments will
consuine continuously, 1t is dov tHul whether the animal will consume
the weight of 6 mon‘rhly cut grass hay which is needed for its nitrogen
maintenance requirements (see Table 21). At the same time the
relatively small amount of hay obtained by cutting at monthly
intervals, which will suffice for its nitrogen needs, will probably
not be adequate to provide for its energy requirements. Consequently,
if grass hay has to be made use of, without the addition of other
energy-yielding or nitrogenous supplements, it is concluded that 1t
may he utilised most advantageously, as a maintenance ration for
adult sheep, when cut at the intermediate stages of growth, viz. at
2- or 3- monthly intervals.

Owing to the shortness of the feeding experiments and since the
inadequacy of nutrients that may be stored 1n considerable amounts
relative to current expenditure in the animal body may be deferred
for longer periods of tinie than in the case of protein, there is little
justification for embarking upon a discussion of the results obtained
in the measurements of the calcium and phosphorus balances. These
balances have been included with the other results of the investigation
merely to indicate probable influences of the different rations on the
mineral metabolism of the animals within the short interval of time
allotted to each digestion trial.

The data for the calcium balances have been decidedly
disappointing in that consistently negative balances were obtained, in
spite of varlations in the mineral content of the rations consumed.
In considering these results it should be borne in mind that mature
sheep were employed in the experiments. The maintenance require-
ments for such animals does not appear to be definitely known
[Franklin (1935)], but is undoubtedly small relative to that for
growing animals. I'actors which may have influenced the calcium
balances are the digestibility or availability of the caleium in, the
unfavourable calcium-phosphorus ratio of, actual deficiency of
phosphorus during some periods, and, the probable absence of
unknown factors in the experimental rations.
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Apparently the grass samples obtuined by cuiting at monthly
and 2-monthly intervals and fed during periods 4 and 9, and periods
s and 8, respectively, tended to bring about a condition of phosphorus
equilibrium in the animals, whereas negaiive balances were registered
for all other pertods. In view of the advantages attaching to a
svstemr of cutting herbage at 2-mounthly intervals during the growing
season, as  lleated previously, the mineral metabolism of animals
subsisting  entirely on  such  herbage could with advantage be
investigated  with  special  reference to  the requirements for
manienance and growtl in respect of calcium and phosphorus.

(I St

[ive species of indigenous grasses, namely (Nloris gayana,
Netaria Lindenbergiana, Cenclirus (Ciliaris, Digitaria Penizii Pretoria
small, and  Pawvicune mavinvum, were  established each 1n five
replications o 25 plots, each measuring (24 x 17) square feet, 1 a
Latin Square wrrangement.  Fach plot was ugain subdivided into five
equal portions and a different treatment allocated at random (o each
subplot within a main plot. The effective cutting area of a subplot
measiwred (22 x3) square feet. The experiment covered two growing
seasons and the freatments applied were:—

Cutting the herbage at monthly intervals:

(2) Cutting the herbage at Z2-monthly intervals:

(3) Cutting the herbage at 3-monthly intervals;

() Cutting the herbage after 4 months growth, tollowed by
an aftermath cut of 2 months growth; and

() Culting the herbage once only  towards the en  of the
growing season, n=sually a G-monthly cut.

The objects of the investigation were to study the  cet of the
treatments on the yield, chemical composition, digestibility and
notritive value of the grasses under natural conditions of soil and

mate. To test the digestibility the produce obtained under any one
cutting treatment for all the species combined was treated as o sinole
sample. Three adult Merino wetliers were emploved and the oy
samples were tested in nine suceessive digestion periods.

The following 1 o summary of the vesults obtained: -
il .

(1} Grasses of the stoloniferous type were readily propagated
from roots. whereas the establishment of hunch grasses by
this method demanded muceh care and attention.

(2) The intrusion of weeds and other grass species indigenous
to the Jocality on the established pure stands occurred most
on those sub-plots cut at wonthly intervals.

(3) OFf the grass species studied Setaria Lindenber~iana and
Paniciwm marimum gave the highest vields of v matter.

(4) The yield of dry matter was lowest when cutting the grasses
at monthly intervals during the growing seas
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(b) Of the more lenient cutting treatments the 6- and 4-monthly

systems produced on the whole more dry matter than the
2- and 3-monthly systems.

(6) Kvidence which suggests that the amount of dry matter

obtainable under a 2-monthly system of cutting may not
differ materially from that resulting from one “eut at the
end of the season or two cuts as represented by a 4-monthly
cut in February followed by an atfterinath cut two mouths
afterwards, has been obtained.

(7) Rainfall is the most 1mportant factor governing the yield

of grass under natural conditions. Tt would appear that
there is a period of optimum growth which is independent
of the rainfall during seasons when the latter is normal in
amount and distribution.

(8) The content of phosphorus, potassiuin, chlorine, and crude

protein of the dry mafter of herbage samples 1s markedly
influenced by (uttlno treatments, the values decreasing
with decreasing frequenq of cuttlno Calcium and
magnesium values do not show appremable variation with
st‘aoe of growth, while the general tendency for sodiam 1is
to decrease with age 1n the p]ant The crude fibre content
varies more or less inversely with the protein content and
the percentage ethm—snluble extract shows 1irregular
fluctuations with variations in the stage of growth. The
nitrogen-free extract shows little variation in the dry
matter of herbage from different cutiing treatments.

(99 On the whole the dry matter content of grasses increases

with age in the plant. It is, however, considerably
influenced by climatic conditions. DrouOht is assoclated
with high values while suitable moisture and temperature
conditions causing active growth are favourable to low
values for dry matter content.

10, While there may be no difference in the production of crude

(11

J

protein and phosphorus under a monthly and a 2-monthly
system of cutting, a steady decrease in the production of
these nutrients is indicated as the intervals between cuts
become longer.

Fxcept for the ether-soluble extract which occasionally
shows irregular fluctuations, the coefficients of apparent
digestibility for all the coustituents of the organic matter
of the hay samples decrease steadily with advancing stage
of growth. The crude fibre was found to be more digestible
than the nitrogen-free extract.

(12) Lengthening the interval between cuts greatly influenced

the nutritive value. The dry matter of 6-monthly cut
herbage contained only 22-11 per cent. starch equlvalent
including 1-42 per cent. digestible crude profeln as against
38:92 per cent. starch equivalent including 5-07 per cent.
digestible crude protein in the dry matter of monthly
cuts.
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analysis of the yield data was carried out, and to Drs. J. S. Marais
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