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TABLE 7. 

Showing seasonal production of dry matter in grams. 

1936-37 Season. 

Species. 

Chloris gi y .na . . ........... . .. ... . . .. . . 
Setaritt LindenbeTgi n(t .•...•••.......•... 

Cenchrus ciliaris . ....... ... ............. 
n;gitaria Pentzii Pta. Sm ........... . .. . 
P •. nicum maximum ..................... 

TOTAL. 0 •••• 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 • • 0 0 0 

Mean .................................. 

... .. ······· 

,.· --,-· __ ___] 

l<ov. Oae , F<'o. Qpl· 

I December.\ January. I February. I 
1,950 1,187 1,153 
3,163 1,770 1,796 

938 943 855 
1,179 1,211 1,135 
2,611 1,624 1,532 

9,841 6,735 6,471 

1,968 1,347 1,294 

.'" ..., 

.. 

Oct. l'lov,. De<>. 

192 

April. 

1,043 
1,111 
1,062 

397 
1,094 

4,707 
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J. G. LOUW. 

The monthly yields of rlry herbage for the bYo seasons are 
represented in graphical form in conjundion with the monthly rain­
fall in figure 2. The total J ainfall for the month preceding a cut 
has been maJe to coincide ''"ith the point representing the yield of 
grass from that particular cut. Generally speaking, the curve 
describing the yield of dry nutter may be ronsiJerecl to vary in a 
manner similar to that depicting the rainfall for both seasons. In 
connection with remarks made earlier in this section there are, how­
ever, rertain features in the graphs which deserve to be mentioned. 
For the 1935-3G season the period preceding the first cut in January 
was characterised by a low rainfall associated with high average 
day temperatures ( cf. Fig. 1). During this period only a bout 2G 
per cent . (c£. 't'able 6) of t he total growth for the season took place. 
Good rains during January and February resulted in active grmvth, 
the grasses reaching maximum seasonal production with the cut made 
early in M:arch. In spite of the fact that the best rainfall for the 
season was recorded for the month following the cut early in ~£arch 
t he production of herbage decre::tsed by fully 50 per cent. 

'1\uning now to the data for the 1936-37 season it is found that 
TI·ith climatic conditions approximating the normal about 60 per 
cent. of the total seasonal production of herbage •vas obtained with 
the two cuts in December and ,Janu ary. 'rhe yield in February was 
practically the same as for January but the next bYo months con­
tributed only about ] 7 per rent. towarJs the total for the season. 
The rainfall rluring this final period was decidedly loTI·, especially 
during M:arch, and the average day temperatures Yvere high. At the 
time of the February cut the soil was over-saturated with moisture as 
the result of the heaYy clo"·npours experienced a few days earlier. 
K evertheless, gro,Yih was observed to be extremely slmY, even while 
the soil was still wet . The e:ffeet of the drastic treatment (monthly 
cuts) on the vitality of the plants may have been partly responsible 
for poor growth directly after the February cuts. HmYever, the 
yield of dry matter under more lenient systems of cutting- was also 
g-reatly reduced during- this final period of the season. For instance, 
the indices for average seasonal yield of dry matter for species 
combined for the 2-monthly cutting treatment were 2,439, 3,308, and 
1,360 for December, February, and April ,respectively. 

ln any case, it would appear that, while during seasons of 
normal rainfall the period of optimum growth is independent of the 
rainfall, it does depend on rainfall during- r1ry seasons. For the 
1935-3() season this period of most active g-rowth occurred at a later 
date than during the following· season. 'l'he evidenre here produced 
and fro::n the previous publication (1935) seems to suggest that in the 
case of the species studied the period of optimum gnmth is December­
January (cf. 1936-37 season and previous results), but that in the 
event of neglig-ible rain prior to December or January it may orcur 
later iu t he season ( cf. 1935-36 season). 

In this connection the results of Trumble and Cornish (1936) are 
of interest. From a statistical analysis of data pertaining to the 
influence of rainfall on the yiel d of natura l pastme at the \ Vaite 
Institute, Australia, a region of winter-rainfall , these workers found 

193 



l.\TL1."EKCJ-: OF Cr TTI-:"G 0-:\ YIELD, ETC., OJ:" GHASS SPYCIES. 

the <.;orrelation bet,Yeen vield and rainfall to be strongest m the 
period Apr il to June, 1~hi ch coincides with the .early :stage;; of 
seaso nal gTo1dh. 

(J) TI-n; lN:FJ,UENCE OF FlmQUEKCY or CuTTTNG ON CnE;vncAL 

Co~IPOSITIO~. 

'l'he detailed analyses of the h erbage samples obtained und er 
different freC]ueneies of cutting for the whole of the exp erim ental 
period are given in t he appendix by T abl es A to I. The last columns 
in the tables giving a description of the grasses as cut require 
explanation. 'fh ese uotes aim at gi,-ing a b1ief description ,,·ith 
reference to the general appearance and the stage of grovvth obtained 
at the time of <"ntting . H eight m easurements " ·ere not adnally 
made. However, when the grass " "::t S estimated to h ave gTown to a 
height of only 6 inches and less th e tenn " short ", and when to a 
h eight of more than 12 inches the term " long " ha s heen u se<l to 
describe ihe appeanmce. 1\ o de~erip t ive tenn wa s applied for 
Pstim ated h eights hetiYeen G a nd 12 inehes . Furthermore, an 
a t tempt has been m ade to in di('ate the stage of grO\dh 1·each ed by 
the h erbage by u sing the terms " pre-flowering ", " a fe"· fl ower­
h ea ds appearing ", " flowering " , " " ·ith flo,,·erheads ", " seeds 
falling out ", and " seeds fallen out , inflm·escen ces and som e lea Yes 
browning ", to indicate the aclYancing stages of maturity . 

In connec,twn with the arrangemen L of l'esults into separate 
tables for different cutting treatments it should be pointed out that 
the cuts of the 6th April in table 0 are in reality monthly r uts and 
not 3-monthly cuts; also, t h e April cuts in table H are 2-monthly 
and not 4-monthly cuts. Furthermore, since there was no differ ence 
between '4- and G-m;ontl1lv treatments in t he 1935-36 season the 
anal~· si s given in table D is that for a single final cutting for each 
species. 

From the tables in the appendix tables 8-12 giving· the aYerage 
composition of the dry matter obtained under the different systems 
of cutting 1wYe been rompiled . Figures for total ash h aYe been 
included. 'l' l1 ese are not reliable O\\ing to the un aYoi da ble inclusion 
of traces of ,;oi l whi('h cannot be remoYecl in the clea ning of the 
sample. H owever , the values for silira-free ash form a r eliable in(lex 
of t h e toh1l min eral, present in the h erbage. 

It is not inl endecl to discuss t h e ch emil'al composition of the 
herba ge in detail as this has been done for si milar data in preYious 
publi cations by clu Toit and his associntes. The salient features whi ch 
have a llirect bearing on the present i1westigation may, ho"·ever, 
again he indi!'ated briefly. 

(a) Fhosplwrus. ---\Vhile th e magnit ude of the decr ease di ffer s 
with spec ies the phosphorus cont ent of tl1 e h erbage diminish es on t be 
" ·hole uniformly f rom monthly cuts to 6-monthl)- cuts, the relative 
amount in the single cu t at the end of the season being only abou t 
50 per cent. of that p1·esent in tll e month lv rut herba~·e. In all cases 
the figures are low compared with the figures of European investi­
gators but are similar to Yalues obtained pre,-iously at Onderstepoort 
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and by Taylor (1922, 1929), and compare fa.-ourab ly with data 
se<:ured by Australian workers (Richm·dson et al, 1931, 1932) for 
grasses at the same stage of gTO\Yth. 

(6) Calcitt?n and 111 agnesium.--The percentages of these consti­
tuents do not show appre<:ia ble variat ion \Yith stage of growth. \ Vith 
the exception of Chloris gayana and Setm'la Lindenl1er_qiana t here 
appears to be a tendency for t hese minerals to decrease with decreased 
frequency of <:utting. Petrie (1934) pointed out t hat the relative 
amount of ca lcium declines during adolescence and thereafter r emains 
constant or rises . 

(c) l-'otassiu1n CLnd C hlm-ine .- Doth these constituents are in­
fluenced to a considerable extent b.v the stage of maturity of t he 
herbage . \Vi th few exceptions (cf . K -n dues in 4-moutll l_v cuis for 
the 1906-37 season) a fa ll in the <:ontent of pobssium and chlorine h as 
been obsened " ·ith advancing stage of maturity. 

(d) Sod·ium.- \Vhilst fluctuating somewhat in some species the 
general tend ency fm t his element is also to decrease with age in the 
plant. 

(e) Crude protein,.-Generally speaking, the variations due to 
t he influence of cutting treatment in t he content of crude protein of 
the h erbage are similar to t hose for phosphorus, the relative amount 
fa lling rapidly "1\·ith decreased frequency of cutting . 

(/) Crude Pibre.- The crude fibre content of t he herbage Yaries 
more or Jess inversely with the crucle protein content, the h ighest 
percentage of the former constituent corresuonding with the lo"l'·est 
va lue for t he la tter. 

(g) The Ether-soluble e:vtract of different species shows different 
Yariations " ith age in the plants . In the case of Panicum ma.rlmum 
and Cencl11·us ciliaris there is a defin ite drop in the perc:entgae et·her­
soluble e:s tmct with in creasing degree of matul'ity for both seasons 
of th e experiment . The same tenden c:1 is noticeable for the other 
species sturlied for the 19~5-8G season, but during the following 
season t he values for eth~r-extract sho1Y irregul:n fluctuati ons \\·ith 
th e different treatments. 

(h) Sil·ica-f ree dsh.- Since all t he mineral elements determined 
are con st it uents of the sili ca-hee ash and ,,·hereas with few exceptions 
the relatiYe amounts of t hese elements clec:rease with decreasing 
frequency of cutting it may be expectPd that the percentage of silica­
free asl1 will vary in a similar manner . A glance at t be tables shows 
t h is to be the case . 

(i) l'\"itrogen-f7'ee e:vtTact.-The percentage cont ent of this con­
f;tituent in the h erbage of varying degr ee of maturi ty vahes very 
little and shows no defillite tendenc.v. It sh oul(l , ho>wver, he pointed 
out t ha t the accuracy of the figure for this fraction is dependent upon 
the accurac:r with " ·hich t he fractiou s on which its calculation is 
based l1 aYe been <letermined. As pre.-iously staten t he figure for 
total ash, one of the releYan t fractions, is unreliable o"l'·ing to the 
uuaYoidable inclusion of soil par ticles in t he samples analysed. 
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J. G . LOU\V. 

(j) Dry matter of herbage as ctlt.-On the \\·hole t here is a ten­
den cy for the dry matter content to increase " ·ith age in the plant. 
""With one exception, Yiz ., the final cut for the lh_r; itaria species m 
April, 1936, the high est percentage of dry matter was obtained i.n 
the herbage which grew undisturbed until tb e end of the season, i.e. 
the 6-monthly cuts . The ri se to the highest Yalue does not, however , 
proceed uniformly " ·ith decreasi ng frequency of cutting-. Rigg and 
his associates (1932) refene<l to the profound influeu("e of dimati.c 
conditions on the percen tag-e of ch.v matte1· found in green lJa sture 
nlO"wn at the growth stage of 2~ int:hes to 3 inch es in leng th. Droug ht 
an d lo\\· temperatures retar<le<l pasture-pro<luction and were inv::n-i­
ably associa ted wit h l1igh perceu1ages of dr_v matter in t he growth . 
With suitable moisture and temperahue con<litions , pasture procluc­
tioll 11·as highest, and thi s ,,·ns accmupan iecl by lm1· percentages of 
dry matter. The influen<·e of dim ate on the <hy m n tter content of 
herbage in the presen t im·e,tigat ion is best illustrated by reference t o 
ta bles G and 7, giYing the seasonal prod uction of the gras~es a nd 1o 
tables A aml B in t he appendix giYing tll e season al <lr.v matter 
c:on1ent of t he h erbage . A s turly of t hese tables reveals the fart tha t 
the most adi1·e gT011·th in :Ylnrch , 190G, a n<l in J;unwry and .Fehrum·_\-, 
1937, is associated " ·it h the lovrest ,-a]ues for <lr.v matter content in 
the course of th e r espediYe growing seasons . On t he other band, the 
hig-hest percentages of dry matter are found in t he herbage of t he 
periods of drougl1t ns is eYi<lent from tl1e figures for dry matter in 
the herbage cut in .Tnnuary, 193G, and in Apri l, 19~H. It would 
thus appear tha t " ·bile t he process of drying off of mature herbage 
towards the end of the g-rowing season is r esponsible for hi gh values 
for dry matte1·, the amount of this constituen t in the fresh herbage in 
the <·om·>'e of the grmYing season is l argely infl.uen<"ed by the prevailing 
dimatir conditions . 

\Vith refer ence to the seasonal composition of the grasses (see 
tables A and E in t he append ix) the conclusion arrived at in a 
preYi ous publi<"ation (1935) that "in tl1e ahsence of soil and climatic 
deficiencies stage of grm1·th is the main factor influencing the ntineral 
and protein content of pasture species " appears to apply equally well 
t.o the da ta for t hi ,.; im·estigation. LO\Y Yalu es for phosphorus and 
a rela1 iYely high level for ca lcium and magn esium contents are again 
in eYicleuce during periods of dry \\"eather. At the same time, the 
protein C<lllten t does not appear to be affected achersely by unfavour­
able dimatic conditions. In any <·ase, t be romposition of montlll:v 
cu t herbage c-annot he ronsicl erecl to sho''" marked seasonal Yariat.ions . 
During- som e lllonths a sli g-htly mo re or less >~dvanced stage of growth 
is atta ined by a speries wl1 en compared ''"ith its growth of t he previous 
month nn<l resulting in a sligh t decrease or incr ease in the perren tage 
content of t he constitueHts, but, on the whole, t he month ly growth s 
of t he gr asses studied must be looked upon as herbage of a compara­
tively high composition at a rompara t ively early stag-e of g-rowth . 

Tn regard to the more essential constitu ents from th e standpoint 
of animal nutriti on th e grasses studied do not show outstanding 
differences after the same period of gro1dh. On the "·h ole, for 
monthly ruts, Panicum ?na,vimum h as the highest average phosphorus 
content, Setaria Lindenbergiana and CenchTv s cihan·s top t he li st for 
protein content, while the lowest values for t hese constituents are 
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1::\l' LUE::\CE OL" CL:'l'TL\G OK TlELD, ETC . , OF GRASS S.P.ECIES. 

£ound in C!tl01·is gayana. r\ more marked contn1st in the chemical 
composition of these grasses li es in their potas;;ium and sodium con­
tents. Chloris gay ana and J>am.nt m ?JWtvimvm are characterised by 
comparatively low potassium and h igh sodium Yalues, while the Yery 
opposite condition obtains in the case of t h e other species studied . 
'l'he percen tage content of potassium is up to twice as high as, and 
of sodium only 10 to 20 per cent. of the figures for the two species 
ment ioned. 

'J'he aYerage ca lcium-ph o::;phorus ratio in t he monthly cut herbage 
Yari.es from abou t 2·:-l in Cenclm.ts l"il-iaris to 3·8 in the Digitaria 
::;pecies, while, as lJJay be expet:Led from a consideration of the 
relati \·e ra les of J ecrea:;e of t he percentage of calcium and phosphorus 
in ageing herbage, the ratio is increase<l con siderably with deneased 
frequency of cutting. 

A comparison of the data for the hYO seasons (see tables 8 to 12) 
r eveals some definite differences. Phosphorus, potassium, an d crude 
protein va lues are lO\Yer during the second than during t he first 
season of t he experiment . On the other hawl , the figures for calcium 
are consist ently, !hough sometimPs not mm·kedly, higher during the 
1936-!H than during the preYious season . 'rh ese differences ma~- be 
ascribed mainly to Llifferences in the climatie conditions obtaining 
during the t TI·o seasons of the experiment, and resulting chi efly in 
Yariations in the stage of growth attained by a ::;pecies after the same 
interval of gnnYth. 

( 4) TilE IKFIXEKCE OF FREQL"EKCT OF CVl'TING 0.:\ THE PROnUCTIOK OF 
CH1:DE PROTEIK A.:"D PUOSPH ORGS. 

The aggregate production of dry matter, crude protein, and 
phosphorus for all the species combinell , bu t for cutting treatments 
separately, is g iYen by tab le 13 in l b. per acre. The statistically 
significant features in the 1·esults relating !o the effect of c-utting 
treatment on t he production of dry matte1· haYe previously been 
indicated. Briefly sta ted, t hey are to the effect that while there may 
be no difference in the yield of dry matter from certain lenient treat­
ment>; the depress ing influence ou yield und er a month ly system of 
cuttin g i · s ignificant in all cases . Due to t he fad that the herbage 

TABLE 13. 

Total seasonal prodv ctiou of dr.IJ matter, ("J·ude prote·in, and 
plwspl10rvs 1n lb . per acre. 

Season. 

Dry matter. . . . . . . 1935-36 
1936- 37 

Crude protein ..... 1935-36 
1936-37 

Phosphorus (P) . . . . 1935- 36 
1936- 37 

·-·---- -·- ---

1,932. 0 
1,612. 0 

201·0 
136·0 

2·86 
1 ·79 

Cutting Treatment. 

2,286·0 2,270 ·0 
2,073. 0 1,847 ·0 

202·0 169·0 
149· 0 116·0 

2 ·56 2·44 
2·16 1·8:2 

200 

2,520·0 
2,292·0 

138·0 
123 ·0 

I · 87 
1· 98 

2,52 
2,32 

13 
10 

0 ·0 
2·0 
8·0 
2·0 
1 ·87 
1·63 



hom indiYiclual replications \\·as not aualysed sepamtel,v the statistical 
metholl employell in the aualysis of the yield data could uot be appliell 
to the 1·esult;; of the chemical analysis. 'rhe figures in table 13 giYing 
the yield of crude protein and phospLo1us "·ill thus be taken at their 
face Yalue. 

The general tendency for the produci.iou of crude protein aucl 
phosphorus with different cutting trea tmeuts is just the opposite of 
that for the yield of dry matter, t he highe::;t yielcl for eTude protein 
and phosphorus occur ing in the more drastic ::;yBterus of cuttiug. 
\Vhile there is no difference in protein p1·odudion by the monthly 
anrl the 2-monthly sy~tem s for the 19;l5-0G season a steady clecren::;e 
is indi t:a!ed as i he intenals het\\'een cuts become longer. A similar 
state of altairs obtains in the dat.a for the following ·eason except 
thai. under the monthly sy::;t.em of cutting the production of crude 
protein is actually less than under the 2-monthly system of eutting. 
'l'h e comparatiYely lO\Y production of clry matter for t h e three-monthly 
system , to which reference Las beeu made 1weviously, is lllainly I·e;;pon­
sible for ihe deviation from tll e general tendency shown by the fig1.ne,; 
for t hi s sy.-i.em in i.he 193G-;n sea::;on. The rem;nks made in regard 
to pro Lei n producLi.on apply equally \\ell i.o the produdi.ou of p hos­
phorus, e:s:cept that the highe::;t produdion of phosphorus was obtained 
by the monthly :;_ystem during the 1935-36 season. 

The results for t he p1·esent iJnestig-ation then, cm1firm the con­
dusion reached by du 'l'oit and his associates (1935) in a preYious 
publication from this Institute in that, uncler the conclitions of the 
experiment, the higb e:;t yield of crude protein and phosphorus is 
obtained \d1en g.r<~ss species <~recut at interYals of t\Yo months cluring 
the gro\\'ing season. \Vhether it may be adYisable to forfeit this 
adYanl~1ge for the sa ke of a higher yielcl of rlr.v mattm· '"hich may be 
obtai necl under more lenient systems of cutting will clepencl on the 
results of the clig-estibility trials to be considered later in this publica­
tion. It should he pointed out that by a monthly system of cutting 
the iotal production of crude protein and phosphorus may be of the 
sa me mngnitude as that from tlw 2-monthl.v system, but. tl1e signifi­
cant decrease in dry matter pro<luction aucl the t>ffect of the seYere 
treatment on the Yitality of tl1e plants remoYe this system hom the 
ren lm of pra<.:tica l cons idera lions. 

To conelude thi s section, thP. mnrkecll,v lo"·er procluc-tion of the 
nutrients uncler discussion for the 193G-37 season in comparison with 
the figures for t he previous season may be briefly referred to, The 
tendency for lo\\·er values for pho:;phorus and protein in the herbage 
of the Jn0G-;n season has already been indicntecl. From a considera­
tion .of the data for the yield o'f clry matter during this season (see 
table 13) it appear,; that the decreased production of dry matter is 
mainly responsible for the climinished yield of crude protein and 
phosphorus. 

In comparison with grazing hy animals whose tlroppings are left 
hehind io enrich ihe soil the utilisation of pasture as ha:v or silage 
suffers from the disadvantage that the soil is continually being 
depleted of nutrients whereas nothing is return ed to it. It is realised 
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Il'\FLlJENCE O.F CTJTTING ON YIELD, ETC., OF GRASS SPECIES . 

that other factors may have influenced production during the 1936-37 
season; the soil may not have been the most suitable for the species 
studied, and the climatic conditions may not have been " ideal " 
for maximum procludion. However, from purely theoretical con­
siderations the application of fertilisers to pasture which is u tilised 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), 
it may not be economically desirable to ferti lif;e certain types of veld 
when the more productive and desirable grasses do not occupy 18-25 
per cent. of the area. 

Section B.-The Influence of Frequency of 
Cutting on the Digestibility and Nutritive 
Value of Grasses. 

VII. EXPERIMENTAL DETAILS. 

(a) 'fHE GRASS SAMPLES. 

The amount of material available did nut permit of feeding trials 
with the herbage of different cutting rotations from each grass species 
separately. Accordingly, the aggregate yield of herbage for the 
season from any one cutting treatment where the period of growth 
\Yas actually that indicated by its designation, for all species combined 
was mixed and treated as one sample for the purpose of determining 
digestibility. Fur thermore, since the plot experiment was continued 
for only four months during the 1985-36 season those portions of the 
plots which normally should have been harvested after six months 
were cut on the same elate as t he 4-monthly portions, so that for the 
said season herbage of only fou r different degrees of maturity was 
obtained. The materials may be designated as monthly, 2-monthly, 
3-monthly, and 4-monthly cu ts. During the 1936-37 season cutting 
was comrneneed earlier in th e season "·ith the result that herbage 
of five different degrees of maturity became available, namely 1, 2, 
3, 4, and 6-monthly cu ts. In all nine digestion trials had, therefore 
to be conducted. 

(b) THE AxnrALS. 

Three full-grown Merino wethers weighing on an average 70 lb. 
at the commencement of the investigation were employed . These 
animals were selected from a group of six sheep which w€re shorn 
on the 30th November, 1936, and which serYed fr,om this date until 
the 24th December in a digestion experiment with lucerne hay. The 
sheep were fed at the rate of 600 grams air-dry material per day 
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a lld t h e b1•("es 11·ere collede>cl i 11 a <";tllYns bag , whil"l1 wa il ;litach ell 
b_,. a 11·ebhing· h nrne~~, dm ing t h e> la .·it nin e d ;l\"S of tlw tri<l L Th P 
t hn~e ,; heep ,;eleded for t h e g ra . .;s h a.:y ex]w r inH• Jd s 1·onti n ued to 
l"t'<"ei H• the ~<llll f' alll01Jilt o llm·nn e lw.1· mdil t he 18th Janua r y , l OTi . 
} 'm tPn da.\ c; prim to thi ~ 1late t h e ;mimals IH'l·e ph~.:ed in ,.;p e<"iall_,. 
coJl:ihudeil m ehtholis1n ("l"ntes 11·h ere fa e <"e>s <IIIII 1uin e ,,·p rf' i·oll e("il'll 
rb ih . In t h is 11"<\Y t hP unima ls hecam e lhell to the n at f' ,-> nHil , nt th e 
same l ime , ;t chrpi"icaiP set of Yalues for t he di g t•sti !Jj jjty of t h1• S<l llle 
lucern e hay be <" a m e :1\"<l ih hl e, n :nnel5·, lw coll r'r·ting th P f ae !"e,; in a 
bag ath1 ch e1l to :1 harn ess ancl , 1m the ot her hnml, lrv ("Oll ect in g th e 
f: l t-' l"es on :r 11·irP li i"J"ePn i 11 :1 m etaboli sm cra(P . T he r·oeffi <"i <' n t :-; of 
rl i .~·p;;( ibi lit.1· obb i ne1l h.1· I lw hl"ll metlwd ,.; :1re gT1·en hel011· : -

I 

Organ ic· Crude Ethe r· :!\-fr-ee Crud<' 
ma tter. p rotein. e~trac-t . extra<"t . fi b re. 

]~a ,: co ll<"f"t ion . o:J . 7 70 ·6 +~ . :? 7:!.· +6·~ 

S <" reen collect io u ···· ··· · ·· ... 0;) 7 70· 9 4:3 ;) 73 7 49 · ~ 

J n g eueral goo1l :1 greemen i heh1 een the rP~ ults is in die at eel. 

(c) T :ru ; E Q LT!':Hl· .'\T. 

'fhe m ei:l bol ism n a t e:-; u sed in t h e experin1 en t6 wer e con ~trudt>d 
l o1;a lly in accord<~nce 11·ith I hose employed amon gst ot.h er places a t t h e 
Illinoi s Eperime n tal ~tatim1 for sheep and pigs . S ome of t.he f pahnPs 
in t h e conshuction of tlw c·n1l es m :n · lw bri e fly llleuti on erl. Th e 
in sidE' :u·ea •Oll \Yhich t he <l ltinwl can ;nOYP about" i s (6·} x 4 ) square 
fPP t. One Pncl ope11 s out in to a cl Phlch:1hle, gahaniz<'rl iron ft'erl 
mange r . \Y a ter is snppli ecl i n a trongh a ttach ed on t h e ins ide a \Ya.v 
from tl1P fee cl m anger. 'l'h t>J·e are hHJ fa l se hottom . ..; to 1 h1• n:tte, ;m 
11pper 11i1·e sc-ret' n of half- in<"h m Psh on 11·hi ch t he an im<~ l sta nds and 
whi ch pPrmi1 s t h 1· exn etn to pa ss tlnonglt . Abou t fmu in clws b eloll" 
t he fil"S1 floor i . .; a seco nd 11·ire S1"J"ee11 of '/,.; in c h m esh 11·hich <"atchPs 
t hP f:tP <" es ancl allmn; the uri n e to pa~:~;; through o n to the hmnel ­
s hapecl rea l b otto m , <Jnll so i nto a rp ,· epta<"l e lw lo\\· t he n<~te . \ Vhc•n 
coll ection s of f< tP1·es ;t ncl uri ne haYe to br ma rlt' t lw upp 1•r p:nt aJlll 
i lw anit11 a l are moYecl o1·e r o n to a clt>:1nin g t a ld e h oo kecl o n t h e cndP 
ancl supplif' <l 11·i1 h ser pe ns a ncl a f unnel-. ..; h a1w rl bottmn sintil ar to 
t h ose of the C'TaiP llroper . Durin g t h e pr<'l imin a r y periods th e sh P<'P 
a n• kept in sl'par:t te f et•din g pen s meas urin g ab ou t (l G x c>) square ft>d 
a ncl of whi<" h 0111 v abo ut a t h ird is 1mdPr cow r with t h e res11lt t h at 
thr animds m:;:;r Pnjo-'· su ffic ien t clirPd sunlig ht durin g a ll 
prPlimi nar-'· feecling p eriod s . 

(rl) GEK EH .IT. Sen Ellm OF THE T nuLs . 

Table 14 sh o11·s th e orcl er in \Yh ir h t h e d igestibi lity of t h e ni n e 
samples of herbage was test e rl t og·et h er ,,·ith t h e duration of t lw 
prelimin ary anrl colled ion p eriods . 
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TABLE 14. 

Period. ! H erbage sample. 

4-monthly cuts, 1935-36 season .. . ... . . 
3-monthly cuts, 1935- 36 season .... . .. . 
2-monthly cuts, 1935-36 season .. .. ... . 

2 
3 
4 
6 
6 
7 
8 
9 

1-monthly cuts, 1935- 36 season .. . . ... . 

1

6-monthly ~uts, 1936-37 ~cason ....... . 
4-monthly cuts, 1936-37 season . ... . . . . 
3-monthly cuts, 1936- 37 season ... . . . . . 
2-monthly cuts, 1936- 37 season ... . .. . . 
!-monthly cuts, 1936- 37 season ...... . 

Prelimina ry period.! Collection period. 

19 .1.37- 6.2.37 
16.2.37- 24.2.37 
6.3.37- 14.3 .37 

24.3.37- 1.4.37 
19.4. 37- 2.5.37 
12.5.37- :20.5.37 
30.5.37- 7.6. 37 
17.6 .37- :25.6.37 

5 .7 .37- 13.7.37 

6.:2.37-16.2 . 37 
24.2.37- 6.3.37 
14.3.37- 24.3 .37 

1 .4.37- 11.4.37 
2 .5.37-12.5.37 

20.5 . 37- 30 .. 5. :n 
7.6.37- 17 .6.37 

25.6 .37- 5 .7.:>7 
13 .7.37- 23.7.37 

ln p eriod 1 when the lliet of the animals had to be ch anged from 
a protein -1·ich lucerne hay to a grass h ay of an advanced stage ·of 
matmity lhe preliminary feeding intenal last ed 18 days. On the 
18th J anuary the tluee animaL, sheep -!, 5, and G, v.·ere weighed, 
and from this date until the 24th of t h e month each animal was 
a llo,Yed a ration of 800 grams of air-llry hay per day, offered in t\\·o 
equal port ions at 9 a.m. and at 0 p .m. Although none of the auimals 
seemed to like the ration, sheep 5 and G consumed all the feed offered 
"·hile ;;heep 4 refused on an aYerage 200 gram s per clay, consisting of. 
hard , fibrous portions. 

The general experience on this Station has been that mature 
sh eep, aven~ging 70 lh. in body " ·eight, v.·ill not consume continuously 
more than about 2lb. of hay per day \Then they haYe the run of 
spacious camps. On the oth er hand, when serving in experiments alH1 
('onfined to srnall feeding pens the daily con sumpti on \Yas found to 
be in t h e neighbourhood of onl.v GOO grams of hay per head. For thi s 
reas·on it was doubted whether the animals would coutinue to consum e 
800 g rams of poor h ay per day and the ration \\·as accordingly 
r educed to 700 g-rams on the 25th January. U ntil the 29th sh eep 
4 continued to r efuse from 50-100 grams of feed daily . Ho\YeYer, 
from this elate until the conclusion of 1 he preliminary period -on 
Febru:uy (j the amount left uneaten by this animal never exceeded 
20 gramo; per clay, while t he other two "heep continued to COJlsume 
all the feed offered . This amount, D<lmely, 700 grams <lir-lhy 
material per day, 1·em ainecl constant for all the digestion periocl s 
<:-oncerned in t his inYestigatiou and was abntys offered in t wo equal 
portions in the morn i ng :mel in the aftemoon. Excepting periods 1 , 
2, 5 and 6, when sh eep 4 r efused small am ount.s of feed, d ean 
c·omnunption of this quantity of h ay \Yas effected. 

At the cm1dusion of period 4 th e shef'p were fed for 8 clays •Oll a 
ration consisting of 2 parts of 'l'eff hay ::mel onf' part of lucern e ha.v 
at the rate of 700 grams per <lay . \Vith the chan ge-over from this 
ration, on the 19th April , to the poorest g ra ss ha :v cu t a t the end 
of the 1936-37 season difficul ti es \Ter e again eHcounterecl with r egarcl 
to consmnption of the m a t.er ia l. The sheep we1·e obviously aYerse to 
feeding on this new 1·ation, number 5, especially, protested violentl~­
by bleating and hy kicking aga inst the door of the feeding pen. For 
the next five clays as murh as 250 grams of hay \Yere refu sed by sh eep 
G per day while number s 4 and 5 left about 100 grams per day 
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uneaten. From the 25th April until the conclusion of the preliminary 
feeding period on May 2 sheep 5 and G consumed their rations of 
700 grams daily completely, but number 4 continued to refuse about 
10 grams per day. lt 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 t o like the feed offered. 

vV i th the except.ion then ·of periods 1 and 5 when the pr liminar;y 
periods lasted 18 and 14 days, respectively, the duration of these 
feeding intervals was I) days and the collection of excreta was 
continued 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. For this 
purpose a period of R to 10 clay;:; is ger1erally ncce11i-ed if, be of 
sufficient duration in the ca,;e of the ruminant. Leukeit (1932) 
cleterminecl the time inte1·val taken by an experimental feed, eolourecl 
''ith fuchsin, to pass completely through the alimentary tract of 
various animals. In the rase of tl1e sheep he found that after 7 to 9 
days 97 per eent. and more of the experimental feed had been passed, 
while complete excretion of the small amount of remaining coloured 
feed took 1G to 21 days with grains ancl 12 to 13 llays with coarser 
fodders . Insufficient ingestion of roughage had the effect of further 
retanling the complete passage of an experimental ration. In view 
of these findings and since on the "·hole the difference in che).nical 
composition between grass samples fed in successiTe periods in the 
present series of tria ls was small, a preliminary period of 8 days may 
be considered to have been of sufficient length. In any case, the 
amount of material available did not permit of longer preliminary 
periods. 

(e) SAMPLING OF HERBAGE. 

Prior 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 100° C. in an electric oven. 
'rhese samples together with the third one of about 600 grams were 
then finely ground in a high-speed mill, the :resultant material 
thoroug·hly mixerl and a representative sample taken for chemical 
analysis on the absolutely dry basis. At the time of taking samples 
for chemica l analysis and dry matter determination of the hay as fed 
the daily rations for the whole of the preliminary and ex-perimental 
-periods were weighed out into paper bags. In this way fluctuations 
in the dry matter intake from day to day were obviated. 

(f) UOLLECTIOK AKD SA~IPLIKG OF THE EXCRETA. 

The sheep were weighed at the beg·inning 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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faecal 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, anu taken to be the beginning 
of the collection period which was also concluded at the same hour. 

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

A clean bottle was placed under the funnel of the cleaning table 
and the upper part of the crate and the animal moved o-ver 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 ('arefully taken out and placed 011 clean brown paper 
spread on the floor of the metabolism room. Here tbe faeces \\·ere 
transferred with a scoop and brush to a large enamal tmy. 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 passecl through the lower screen were also 
collected and added to the main bulk of faeces. 1'he urine receptacle 
under the crate was removed and replaced by a clean five-litre flask. 
The screens were put back into position and rinsed with about 21 
litres of distilled water using an ordinary watering- can. The upper 
part of the crate and the animal were then pushed back on to the 
crate. Excreta passed by the animal while on the cleaning table 
were likewise collected and added to the main collections. 

'l'he urine and " washings " 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 rinsed with a little distilled 
water and these washings added to the main urine mixture which was 
made up to a definite Yolume, usually four litres, with rlistilled water. 
Both screens and the bottom of the crate were thoroughly 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 
adhered to the screens during the experimental period in spite of the 
daily rinsing of the screens with water. 'l'he urine and washings 
were usually 8 litres on the last day. 

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 thymol. This composite sample was 
analysed for nitrogen and mineral constituents at the end of the 
trial. 

The urine container was replaced under the crate when the flask 
with screen washings was remoYed. A few thymol crystals were 
placed in the container as a preservative. At first aeid (sulphuric or 
hydrochloric) was used. but as it was found to cause the precipitation 
of some hippuric aeid its use "·as dispensed "·i th. 

Records \Yere kept of water eonsumption as the tap \\'<\ ter supplied 
to the animals contained a certain amount of lime for wl1ich a 
correction had, therefore, to be made in the lime intake of the animals. 
The sheep were fed in the morning directly after the completion of 
the collection of excreta. 
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The faece,; from a daily collect ion \Yere spread out on the enamel 
trny mHl left exposed in the metabolism room for 24 hours after 
\Yhich they were found to contain not more than ::tbout 12 pe1· cent. 
moisture. They were then taken to the laboratory where au aliquot 
equal to one-tenth of the total weigh t of faeces was \Yeighed out into 
a lin en bag 11·hich n·as hung up in a suitable place in the laboratory. 
Tl1is process \\·as repeated each clay during the colled:ion period and 
the daily aliquots of one-tenth of the total \\·eight mixed in th e same 
bag. 'l'hi s composite sample \Yas weighed bYo or three clays after 
the conclusion of the experiment and a sub-sample of ungrouncl faeces 
blken to determine its drv matter content . The main bulk of the 
composite sample was finely g-round, thoroughly mixed. an<l a repre­
sentati.Ye sub-sample taken for chemical analysis. Due to the fact 
that the moisture content of air-dry faeces may alter during the 
grinding process, dry matter h ad again to be detennined on t he 
ground material in order to have all analyses on the absolute dry 
basis . 

Feed refused by an animal in the course of a collection period 
was left in the manger uutil tl1e end of the lTial, when it was collected, 
IYe ighe<l, and chemically analysed. As stated previously, it. was only 
during four of the nin e digestion periods that it was found necessary 
to collect food resi<lues in t he case of one of t he three animals. 

A small quantity, about 3 grams, of table salt " ·as scattered on 
tl1e feed of each animal e;-ery morning. 

VIII . RESULTS. 

(a) THE IXFLL'EKCE OF FREQL'EKCY OF Cl:TTING OX D IGESTlBILITY . 

The chemical composit ion of t h e dry ma.tter of the nine samples 
of grass hay fed <luring the different digestion t rial::; is shown in 
table 15. 

rrhe general tendency in th e variations of indi,-idual constitnents 
witll differ ences in the stage of growth of the herbage <1i scussed in 
Section A of this paper is faithfully reflected in the composite samples, 
crude protein and phosphorus contents increasing ·with periods 1 to 
4 and again "·ith periods 5 to 9, corresponding in each case with 
herbage of decreasing degree of maturity. 

'I' he live-weig·b ts of indiYidna 1 sht>ep at the comm encemeut of th e 
tria ls a ud before anrl a-fter each collectiou period of the eries of 
experiment s are shown in table 16. 

There appears to be a slight tendency for the animals to loose 
1n•ight. for a short period after 12th .May. 1'his tendency is, however, 
not mai11tained and the \Yeights registered at the conclusion of period 
9 are from 5 to 7 lb. hig·her th an t hose obtaining at the commencement 
of tbe trials on 19th Januarv. There ma·v lJaye been a real loss in 
l1ody weigllts due to deficie~cies in the d.iet consmned in periods 5 
and 6, but tl1e length o£ time th e animals were on t l1ese diets was 
too short to permit of defin ite conclusions. 
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J. G. LOC \Y. 

The amounts of the different nutrients eaten, diegsted, and voided 
daily by each sheep together with the co-efficients of apparent digesti­
bility Juring the nine trials, " .hen feeding the materials descriuerl in 
table 15 appea r in table J of the appemli:s.., table K showing the 
composition of the faeces. An inspection of table J revea ls the fact 
that " ·hilst t he agreement amongst the results for the three sheep 
is not perfect , it may, neYerth eless, be considered to be ;.;atisfac:iOl'y 
for this type of work. On the whole sheep 4 digested its food some­
what more efficiently than did the other bY<l animals. 

In order to facilitate comparison the average coefficients of 
digestibility obtained for the nine samples of grass hay are sum­
marised in table 17. 

'l'ABLE 17. 

Summary of diges tion coefficients (mean for 3 sheep). 

Period. l 

I 

Hay sample. I ~;t~~:.~ I p~~~~~~ - ~ e~;,~~~- 1 e~tf.:~~- 1 Crude 
fibre. 

----------------------- --- - ---

2 
:{ 

4 

4-monthly cuts, 1935- 36 season 
3-monthly cuts, 1935- 36 season 
2-monthly cuts, 1935- 36 season 
!-monthly cuts, 1935- 36 sea.son 

49·2 
55 ·0 
58·3 
64·3 

41 · 3 
51 ·4 
60·4 
63 ·5 

25· 
31· 
30· 
41· 

6 
3 
6 
4 

-----·------------------ - - --------
5 6-monthly cuts, 1936- 37 season 48 ·7 :)2·4 30· 9 
6 4-monthly cuts, 1936-37 sea.son 52·3 39·6 35· 0 
7 3-monthly cuts, 1936-37 season 58·3 50·4 39· 4 
8 2-monthly cuts, 1936-37 sea.son 62·2 55·1 :-l5. 5 
9 1-monthly cuts, 1936- 37 season 65 · 8 60·3 39· 4 

4-ri·O 56 ·3 
51·6 61·:2 
55·0 64 ·2 
60·7 70· 8 

46 ·5 
I 

54· 2 
50·7 57 ·3 
57·6 

I 
62 ·4 

61·4 66·7 
63·6 71·9 

The influence of the stage of gro;Yth on the Jigestih ility of 
grasses is at once obvious from a glance at table 17. \ Vith t he 
e:s..<..:eption of the ether extract eYery constituent shmn steadily 
improving digestibility from the herbage of the most advanced stage 
of maturity testeJ in period 1 down to the herbage at the youngest 
stage of gro"·th fed in the fourth Jigestion period. The coeffi cien ts 
for the materials of the 1936-37 season var_y similarly, a progressiYe 
increase tal,ing place from digestion periods 5 to 9, con espondiug 
" ·ith herbage of highest to lowest degree of maturity. Ether extract 
reveals, in g·enera l , t h e same tendency indicated for the other consti­
tuents but sho1vs certain irregular fluctuations dne probably to Yary­
ing amounts of ether-soluble material of a metabolic eharacter 
usually present in the faeces. 

For tl1 e hay Hamples of the 1935-36 season the digestion coeffi­
cient for organic: rna tter increases from 49 · 2 for 4-month ly grass 
througl1 55· 0 anJ 58· 3 for 3- and 2-monthly herbage, respectively, 
to the comparatiYely high value of 64 · 3 for the monthly cuts . Also, 
for the samples of the following season t he digestibility of this con­
stituent improves from 48 · 7 for the herbage cut after a gro"·th inter­
val of 6 months through 52 ·3, 58·3, and 62·2 for the intermediate 
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systems of increasing frequency of cutting to 65 · 8 for the monthly 
cuts, the highest value obtained for the digestibility of org·auic 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-rnonth;y 
herbage of the 19~)5-36 season differ by as much as 22·2 per cent. in 
favour of the herb:Jge 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 
value being J2 · 4 ±or 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 cruile fibre content as deter­
mined for two diffeTent grass samples may he of the same magnitude, 
there may be differences in the amounts of indigestible. encr usting 
materials, such as lignin, which would protect portions of the protein 
in some measure from enzyrnatic activity. Nevertheless, from a 
comparison of the relevant figures in tables 15 and 17 there appears 
to be a doser relationship between the crude protein content of a 
sample an d its apparent digestibility with constant dry matter intake. 
In any case, the apparent digestibility of the crude protein of the 
herbage samples tested remains an index of maturity. 

Comparing again table 15 giving the percentage composition 
of the dry matter of the grass samples tested with table 17 it would 
appear that there is no consistent relation betvveen the percentage of 
crud e fibre in t1le hay consumed and the coefficient 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. But, for 
digestion periods 5 to 9, whilst the digestibility increases in the same 
progressive manner with the shortening of intervals between cuts, 
the crude fibre content of the herbage remains the same for periods 
5 and 6, tl1en drops somewhat but is again constant for the three 
final periods. It appears, therefore, that for the climatic conditions 
obtaining during the two seasons of the plot experiment the figme 
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 is 
underestimated in an irregular manner in the fibre determination ". 
Whereas in young herbage the crude figure accounted for about 
90 per cent. of the cellulose, in more mature herbage only 72 per cent. 
was estimated. A contrihutary factor in this was found to be the 
increase of xylan in the cellulose with increasmg age. Lignin was 
also found to increase with maturity. 
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\\'hi lst, therefore , a,; sta ted wh en cliscussing the digestibility of 
the crude JH'Otein, t he actual tigure for crude fibre may be of a simila r 
magnitude in hYo differen t herbage samples, th e changes taking place 
in tl1e tltructmal materials of plants IYith age will re~:;ult iu decr eat>ed 
(liges tibility of the crude fibre. 

The digestion coefficients for the nitrog-en free extract show th e 
. sa me tendency with t h e s tage of growth in t he samples as indicutecl 

for the othe1· constituent pa r ts of the organ ic matter. HoweYer , t he 
nitrogen-free extract is di stinctly less digestible than th e crude fibre, 
the coefficients being on an average 10 · 0 per cent. aucl G · G per cent. 
highe1· for th e latter than for the fonner COll stituent in the hay 
samples of th e 19:15-36 ancl the 193G-37 seasons, r especti Yely . 

vV ooclman (1930) found a similar r esult for a mi ueral-deficieu t 
herbage tested by hin1. H e remarked that " although this finding 
emphasizes tlJ e iwportant role played by bacteria in t he digest ion 
of roughages by ruminan t,;, it is difficult to understand wh y the 
nitrogen-free extru ctiYes in such herbage sltoulcl run oft more qu ic kly 
than the fibrous con sti t uents into an indigestible aucl uua1·a ibble 
condition " . Th e r esult .is perhaps uot so sur pr ising when consi dere(l 
in ronjunctiou with the possibility th a t ferm ent:1tiou in the ani1ual 
may change nu(Ie fibre so as to be partly Holuble in 1·25 per ce nt. 
acid or alkali , th ereby causing it to appear in the nitrogen-free ex tract 
of the fa eces, according to lh e conventional method o£ calculating 
th e so-ca lled " nitrogen-free extractives". Low figures for th e crude 
fibre content of th e faeces 'Yill consequen tly be pa ril.1· r esponsible for 
high nllue:, for computed ni trogen-free extract coni en t of the faeces 
(see tabl e E: , <lPIJendix) , and this in turn will cause the coeffici ent ,; of 
(ligestibility for nitrogen-free extract to be low. 

Fraps (19:30) studied th e digestibilitv by sheep of th e constituents 
of t he nitrogen-free extrar t of feeds. l-I e found, for inslance, th<Jt 
the nitrogen-free extract of roughages ('OntaineJ high pe rcentages of 
pentosans ancl oth er residues not inclurl e(l under sugar s, sta rches and 
peutosnn s determined ; a1Hl t hat th ese pen tosan s and r es i(1ues of th e 
n i lrogen-Jree extract were di ge~ted (·onsi <lera bly less effi eiently i lHm 
those occurring in the N-free extract of concentra tes . In any c·a;;e, 
it seems e1· iclent that the nature of the const ituents of t he N-free 
extract and t he crude fibre of roughages offers a field for ex tensiYP 
inYestigatioll. 

'l'h e coeffi cients of digestihilily for the et her extrac•t, the ren1ain­
ing con stituent in table 17, do not show ro nsislent Yariati ons 11·ith 
degr ee of maturity of th e l1 erhage, anr1 are comparatiYel~r low. T l1 ese 
low Yalues and a rertain degr ee o£ l ack o£ uniformity may be ascribe(1 
t·o the lo11· percentage of ether extract in th e bays studi ed and to rl1 e 
fari: that th e fa eces ah ·avs contain ether-soluble material of a Jllda­
bolir eharaeter, as preYi;~u sly stated . 

Due to the intimate relationship existing hehn•en t he stage of 
gTmdh of th e h erba~J;e and i ts digestilri1 i t v compnri sons between t he 
res ulls of thi s im·estigation and t hose obtain e(1 hy ot her workers ure 
cmnplicate(1. HoweYer , in t able 18 a fe1Y sueh compari sons are mnde 
with the r es11lts oHainPil in r eriocl 4 of the ]WPsent 'eries of iri:ds . 
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J. G . LOUW. 

A i-louth Ahi ca11, an Indian, a European , and an Am erican r oughage 
h a1·e bee n selected, and the crud e prot ein and cr ud e fibre contents 
h ave been included in the tab le io indicate t h e approximate stage of 
gTO id]J . 

A <lil-ltind f ealure in the table is, 11·itb the exception of ll1e 
prairie ba.y, the higher coefficients of digestibility for cntde fi bre in 
1·elation to tho::;e for the .X-hee extract. T h e ether extract Yalu es 
:1re cmnparati1·ely low in all cases , crude protei n h<I R b een diges ted 
:;ome'>'·lwt more effici enth· in the South A frican roug·hageH, a nd the 
!ligestibility of: ihe orga r~ic- m a ttrr is di:;tinctl_,. low in t he .l~uropran 
miu eral d efic irnt lw y i 11 compariwn with tllat for othrr l1 ny,, r eported 
in the table. ]n any case, the di gestibility of t h e South African 
foii<lers eo mpa res fa ,·otna hl~- 11·i t h that of mat eri nls of a 'om e'>'·lw t 
o: im ilar :;tag·e of g-rmdh in other cou ntries. 

'l'ahle l!J giYe,.; a summ:n-_~· of t he pe]'(·enh1ges of dig·pstildr 
uufl·ie11ls and starch equiY::dc>nt in thr clr.v m a tLer Df t ht' h erbage 
:;a lll ples tt·strd i n dige::;tion periolls l to 9 . 'rh e starch ectu i Yalen t 
has bPen cn lcula!efl by the u su a l formula , nanel~ (Jiges­
liol e prote in x U·!:J-1:) plus (digestible fat x l·!:Jl) plus (d igec;tilJle 
nude fibrt>) plm (clige:;tihle nihogen-frpe ex t ract ) . Siner " irue" 
protein hn s not been det·erm ined t he figure fo r di gestible nu<l e protein 
has been employed . 'l' o tlie Yah1 e obbin ed ncco rd i ng- io ih e ab01·e 
furnmb th e cu ·tomary correc tion for roughages (1\.ellnrr, 19] 5) of 
a deduction of 0· 58 of a starch equiYalent· for eucl1 l.jJer ce11t. o f total 
crude fibre in the h ay ;mruple concern ed lw,; been a pplied to :1rri1·e 
at t h e fi g ures for producti on starch equi1·alent (P.S.K) in table ] 0. 
From the mE'thod of comput-ation it i::: Hi dent i!Jnt thP figures 
repr esent net r uergy Y;dues, one pound of fii arch <~quiYalent, acco rd­
ing to K ellne r, Jun·ing u n Pt ene rg-y 1·ah1 e of 1,071 ca lori es . 

Th e rt>sults in tnhl t> 19 :1g-nin ln-ing- out t·he infiuew ·e of t.he stng-e 
of g-rowt h of th t> he rbu g·e on it s fee<ling- ~-~dUt'. ' l'lH' dr1· matter of 
th e ..J.-mont!J]_,. cut s feel i n prriod l con tai ns onlv 44·00 per cent. 
di g·rstiblP organic m:1tt Pr in cl uding 2 ·21 per cent. rli gesti lJl e r·nl!l e 
proit•in as <lg':lin si 57 ·22 pe r cent. rlig-c>stihle org:Juic Jll:l tlrr including· 
(i· 6 l p E' r cPni. diges tibl r C'l·ude protein in i h e hr llwge of periocl 4, 
('Ut nt nw ntl1l.\· intc>JT:ds during the ]!J8.'J-1G sea son . Tn tl1e b:1,1· 
~< Jlll)lles of i h f' fol lo'>'·ing seafion thr dige~t ibl e org·n uir: 1n atter in cr easrs 
in a :;i mibrly prog rc>s:>i ,·e Jll :1 1Jlle r frolll -±2·80 per cent., inclndin g 
only 1·42 ]Jer ce nt. digrsti hle cnule pro(P in in ih P 6-m on th l _,. cuts i o 
i)8·20 per cent. of ,,·!Jirl1 5·07 p er cent. is digest ible rrmle prote in. 
in t he herbage> from t ht> h ig- hest h eCJUeu l·y of c-t:ftil lg' ll' fl in lhP final 
prriod of the st>ric>s of ir inls . Tlll' nutritiYP ratio is Pxhelllely \Yi<l e 
in most ca :-;es , hut is profounrlly influenced by the siagr of g ro\Yih 
of ihe g-rnss ,.:amples. For i-11 e 1930-1G sampl es it <leneases from 
18 · 6 to ihe mP<limn Yalu e of 7·8 in ih e monthly cu t s , " ·h ile for thr 
103G-17 san1ple~ it r emains " ·ide for all sys tem s of cutt in g, hul, n eYer ­
t h el ess <l ecr easefi from 29 · G in the olclr st to l 0 · G in t l1 e -' oungest 
lw rhng·e . 
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iNFLUEKCE OF CUTTING ON YIELD, ETC., OF GRASS SPECIES. 

As may be expected, l50nsidering the method of computation, 
t he starch equivalents vary similarly to t he digestible organic matter 
in the hay samples studied, t he values increasing from 21 · 92 to 38 ·18 
and from 22 ·11 to 38 · 92 with inl5reasing frequency of cutting in the 
herbage samples of the 1935-36 and 1936-37 seasons, respectively. 

Following a procedure employed by vVoodman (1930) the 
amounts Qf starch equivalen t which the sheep "·ere consuming during 
t he periods of seemingly inc1·easing liveweight \Yere calculated. For 
t h is purpose digestion periods 3 and 4 and digestion periods 8 and 9 
were chosen( c£ table lG). These tw·o sets of periods were each of 
about four \Yeeks duration, namely, from the 14th March to the 11th 
April and hom the 25th June to the 23rd July, to be henceforth 
known as period A and period B, r espectively. The average daily 
consumption of dry matter per head was 1· 41 lb. for period A and 
t he same amount, viz. 1 ·41 lb., for period B (cf. table J). The 
mean st~u·ch equi.-alent content of the herbage fed during the two 
periodR was 35·03 and 37 ·45 for periods A and B, respectively, so 
that the mean daily starch equivalent consumption of the sheep 
amounted to 0 · 49 lb. in period A and 0 ·53 lb. in period B, and on this 
they were able full:v to maintain live weight . 'l'he mean weights of 
the sheep (average for three animals) were 72 ·3 lb. in peri·od A and 
74·4 lb. in period B. Employing Rubner's formula, Yiz. 

E, = Eo(~~)~, "·here Et and E 0 relate to energy consumption anJ 

V 1 and V 0 to the conesponding live-"·eights, the figures a bo.-e for 
starch equivalent consumption beoome 0 · 61 lb . and 0 · 65 lb. for a 
sheep of 100 lb. live-weigh t in periods A and B respectively. 

W oocl and Capsti l5k (1926) gave a figure of 1· 2G lb. of starch 
equivalent as the maintenance allo\\·ance for a sheep weighing 100 lb. , 
while vYoodman (1930) indicated that 0·86 lb. of star ch equivalent 
enabled a sheep to fully maintain 100 lb . live-" ·eight. The mean for 
the figures C·omputed hom the data of the present im·estigation, 
namely, 0 · 60 lb. for a sheep weighing 100 lb . is exactly 50 per cent. 
of vVood and Capstick's figure and considerably lcnYer than the value 
calculated by vVoodman. On the oth er hand, :M:!Ollgaanl (1931) in 
his book " Grundziige der Erniihrull gsphysiologie <ler l-Iaustiere " 
gaYe a fig1ue of 708 NKF as the main tenance requirement of a sheep 
.weighing 50 Kg. This, oonverted by the expressions 23G5 NKF = 1 

Kg. stanh equ iYalent and ]~, = Eo(~) ~· becomes 0·62lb. of star ch 

equivalent per 100 lb. li.-e-\\·eigbt, a figure "·hich is practically the 
same as that obtained above. Ho"·evt'r, :M0llgaard's figure has been 
taken from the older German investigations and the figure of 0 · 63 
above h m; been computed from the rlata of a short term trial under 
experimental conditions, and may for that reason be an under­
estimation of the net energy requirements for maintenance, if t he 
other figures quoted in th e above discussion are to he considered as 
standard >alues. In this connection it should be pointed ·out that the 
figure here obtained has been calculated from the data from the 
herbage samples of the lowest degree of maturity, and it will 
consequent ly he still lower if computed from the data obtained in 
pe1·iods 1, 2, 0, 6, and 7. If, therefme, 0 · G3 lh. starch e<1uivalent i,; 
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a n unde1·-es ti nw tion of the llJ<tiut Pml nce r eq n ire 11ten t , t he ani m a ls 
m ust h a 1·e been on a ~ub-mai n tenance nt t ion f o r t he " ·hol t> of t h e 
ser ies of t ria l ·, an u ,.; u c h n (•OJH·lu::;ion is unaccep t<t b le in vie \\' of t he 
fa ct t ha t t h e a n ima l:; m ny he <"on si<l en•d to h ;t ,·e at least m ai ntai.ne<l 
Lml :y-weigh ts fo1· t h e peri~ cl J:tnua r _,. l!J to Ju ]_,- 20, a p eri od of fully 
G m o n th s d uring " ·h i ch t h e_,. ~ ubsi ,.; t e <l en Lirely ou th e expe1·im en t al 
rahom;, ex cep t· for t he 8 cl ay,; b e !11-et> n v eri ods --1- an<l 6 ,,·lw n t h ey ,,·ere 
f e<l o n t he T eff-luce rn e ha y mi x t ul'e , the c-om po,.; iLion of wh ich d i<l 
llO t cliffer lll <1 t eJ· ia lly hom t h:d of the g ra ss ha y COlb lllll ed durin g 
pe1·io<l 4 . 

S cYe r th eless , '"h il ,.;t t h e r t>,.; u lt-s of t·h e prt>~en ! inw st ig;t! ion Sl'Clll 

to in d icate t k 1t t he <tl lim a l:; empl oyed a r e a h le to m;~inta i n l in~-\Ye i g-ht 
011 m uch Slll:tlle l' a m O\II ils of ,.; l a r c h t>quiYa len( th an ;n<:> fl eln a n <l ed 
by Europea11 , ta ndanl:-; , the~- do ,o n t he ot.h er h aJI(1 , foc-u ,.; at tenti on 
on t h e n ecess ity f or l oJ1 g·-ten n t r iaL ,,·i th the o bj <> d of t• .-dnhlishiug 
whether Ha lllples of g-rn ,.;s kty obt:t ine cl ac-c·m d ing l o t lw syst em s of 
c- u ttin g applird clur in g t he t11·o .-;en.-;ow; of Lhe exp<•J·inll'nt 11·i ll at the 
sn m e level of <h _,. lll nt ter inbke proYicl e suftic i<·nt ne( <>n e rg-y to 
main t a in liw -we ig h t, irre,v ect iYe of t·h e ;;t a g-e of g r o1dh of t.he 
g-rn ss<:> s, a nd rlisr eg-a r<l ing f or thP mo men t oth er cl efi <·ien<·i es 11·h ich m ay 
bt• prPsent- i11 lw rbag-e of nn a d Ya nce<l stn g e of matn ri t _~-, su ch as 
prot ei n nn d p hosp h or n s . Th e p resen t se ries of h ia l;:; a i m ecl primari ly 
at deter m inin g· digestibility and wer e n ot plann ed fo r thP pHr po,;p of 
estn hl ishing- th e r eb tin • en<> rg~· Ya l ue of h erb;tg e of Yilr)· i ng- d e g-ree 
of m at urity for the m aintena n<" <> of sheep , b ut t lwy <1o ind ica t e t h e 
ne !'es~ity for util isin g grasses nl t h e younger stage.-; of g-nlldh . 

To con e] ude thi s disc11s,;i o n i t w·i l l be inter efd in;r t o com pil e a 
n e11· (~tble h o lll tabl <:> 13, g _i_ ,·in g t h e prodHdion of rlry m atter ;mel 
crud e protein und er t he differ ent freq ue ncies of c- ut! ing- npplie<l to the 
grasst•,;, in t h P light of the cbt:t r eLtti ng to rlig-e.;; t ion ,-o<'ffic il'n ts in 
tn h le 1.7. 'l'nbl e 20 sh 011·s t he p r oclu ction of d ig-e;;( ihl e cr11Cl P p r o t <> in 
a nd .-;( a rc-h eq uiY:tlen t h om eac·h of the ser ies of c·11t t in g t r c>:t! nH• nts 
to ~~-h ich t he g-ra sses 11·e rr s·uhj e c·te<l. 

I n Yie 11· of t h <· i n Au Pn CP o:f <"ll tt in g freqnenc-~- o n t li <' d i g·e ~t ibil it y 
antl gToss protlucti m1 of pa sture sp <> c·i es cl i~-> <.:usse cl eai· Ii e1· i t tn ay b e 
e:x perle<1 to affrd t h e yield of dige.-; ti l ,]e nut r ienh i n n .-; imi l.tr ll l:t lln <· r, 
onh· to a m ol'P m;nk c> <l cl <-·g r ee . A ghn <·e a t t ahl e 20 r eYe<tl .-; t h e b et 
t h :d· 11·hil e t lw r e may lw n o cl iffpren <· e h rhYee n t1w mon t hh· a nd i he 
:!-m on rl1l\ s~·s t e lll s, 'th e p rorh 1c-lion of d ig·est ih l<· n u h ·ie nL .fro m :tn ~-
0 11 <' of t-l1 ese t rea l men !s i .-; .-; up er ior to thn t hom t·hp m o re lc•Jl it•n t 
systelll P. of cuttin g- . Th e efft>ct of 1·epentecl cl efoli <l l io m; nt monthly 
inte rYa ls on 1h e vitali.t~- nncl y i <:> l cli n g- !'np a c· i ty of lh e g-r:t;;se;; i s no t 
re Hec!e rl in t h t> ~-ie lcl of cl igest-i blc· n u l r iP nts fort he fi r st se:t .-;on of (he 
exp eri 111 eHt but bet.:Olll (•.-; di ~tinct l y not i r ah l e ch u in g· t h e ,.;<:>cond ~en son , 
'"hen th er e wa s n <liffe r<:>nr·e of :t l JOu t 20 per ce ni . in t he pro<l uci ion 
of s ta rc h equi 1·a l cnt in fnyour of t h e 2-month l)- sy stem of Clltti n p; . 
I n Yi PII. of t h i s c·i.n·unt.~t a n< · e th en · ng-:1in se t• nJR to b e ius! ifiahle 
g r otuJ d .-; f m· t he co nclu si on rearh e,l ear1i Pr i n t h is r ep or t. n amel _,. t J1at, 
under the dim a tie co n1lit ion R of th e exp er im en t, a sntem of cu tting 
n a tu ra l Yel d g-ra .~.-;es :1 t in Ter n il.s of 2 m on t- h s <lm·ing- t lw gTowin g 
sea so n 11 ill r esnlt i n t h e> opti nmn1 u t ili s:1hon of stn ·h p:t sh1rc> . 
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INFLUENCE 01: CUT'L'IKG ON YIELD, ETC., OI•' GRASS SPECIES. 

'l'ABLE 20. 

Seasonal zn·oduction of digestible c1·ude protein and starch equivalent 
1:n pounds per acre. 

I Cutting treatment. 

Season. 

I mo~ths. l mot;ths. 1 I 2 
6 

month. months. months. 

--

[ 
Digestible crude protein ... . ... [ 1935-36 1 128 122 87 

I 
57 

I 
57 

1936-37 82 82 58 49 33 
-----------------

Starch equivalent ............. 1935-36 1 738 729 632 552 552 
1936-37 627 746 601 596 514 

--------- ---- --------

(c) THE l:KFLUENCE oF FREQUENCY OF CuTTING oN THE NrrROGE:K, 

PHOSPHORUS AND CALCIUM BALANCES. 

The nitrogen, phosphorus, and calcium balances for each of the 
series of nine digestion trials appear in tables L, :M and N of the 
appendix, the period numbers oorresponding with those in Table 14. 

Considering the average of the mean daily balances for the three 
sheep it is seen that, except for period 5 when a negative balance 
was obtained, the amount of hay consumed provided sufficient 
nitrogen to maintain the sheep in nitrogen equilibrium and to permit 
of the stmage of nitrogen in the animal organism during some of 
the periods of the series. 

From the data given in 'l'able 21 it is possible to arrivE) at an 
approximate figure for the nitrogen maintenance requirement of a 
fullgTO\Yll !lferino wether weighing about 70 lb. (e£. 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. 'l'he mean value for the two periods, viz. 
2 ·16 grams digestible nitrogen is assumed to be adequate for the 
maintenance of nitrogen equilibrium. Since, however, the wool of 
the sheep always grows allowance for the nitrogen thus stored should 
be made in the maintenance r equirement. 

M0llgaar d (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 lb. live weight. The total requirement 
for maintenance and wool growth would then he 2 · 88 grams 
digestible nitrogen or 18 · 0 grams digestible crude protein per 
day for a sheep weighing 70 lb. According to Wood and 
W oodl1Jan's " Rations for Live Stock " (1932) a sheep of similar 
weigh t would require 0 · 28 lb. per week or 18 · 2 grams digestible 
protein per day . It should, however, be mentioned that the figures 
in their table for protein are given in terms of" protein equivalent". 
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INl>LUENCE OJ;' CUTTING ON YIELD, ETC., Ol> GRASS SPECIES. 

The fig-ure calculated above would be lower if given in similar terms, 
depending- on the pure protein content of the rations of g-rass hay 
consumed, but would- nevertheless be in close ag-reement with that 
g-iven in " Rations for Live Stock ". The amount of material 
available did not permit of duplication of individual trials to establish 
whether the nitrog-en balances observed would persist indefinitely. 
At the same time, there seems to be grmmd for the point of view 
that in the case of protein the growth obtained in a few weeks of 
feeding or t he 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 iugestion 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 is adequate for the same needs. 

However, the dry matter intake remained practically the same 
for all the periods in the series of experiments and the plane of 
nitrogen intake consequently varied from period to period. Under 
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 certain 
fraetion of the faecal nitrog-en is derived from the intestinal traet 
and its secretions during digestion the ordinary coefficient of 
digestibility discussed earlier in this paper is not a true measure of 
the amount of nitrogen absorbed; the undigested food nitrogen only, 
and not the total nitrogen in the faeces, should be deducted from the 
nitrog-en intake to obtain the amount actually absorbed. Further­
more, the urinary excretions contain nitrogen resulting from tissue 
catabolism as well as nitrog-en 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 absorbecl. 

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 nnd Lemmermann (1901); Wohlbier 
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\1930) J hut theBe are coH;;icler e<l to Le based on Ult:ll:Cep table a ssump­
tions and do not gi1·e the infonu;~tiou cl esirt> d I \Yoodman (1924). 
Mitchell and . Hamilton (1929), \\~at son and Horto n (1936) J. ~everal 
\YOr]; er s in t he field of nu tri t ion are no''" m aking r1;;e of ind i r ect 
m ethod s for the estimation of th e euclogenous urin;~ry fa eca l1J i tr.oge n. 
[Mitchell (1923), Sotol a ( 19~10), ~brtin and H.obiuwn (1922), B oas 
FixRen (1930) , Hutchinson aucl ~Ioni s (193G)]. Briefly tlJt> princ- ivl e 
of t h is met hod resohes itself into the m ea surement of t hP fapcal 
and urinary excretion of n itrogen \Th en the animal con:; um es a 
n itrogen-hee ration complete i n a ll r es peds ex e;ept for t he absence 
of nit rogen. The Lolly 's co n h ibutiou of u i trog-en to t he 1.11inary :mel 
hw e;a l e_•d-retiou~ <luriHg IJeriod .-; of protein fee d ing· i ~:; then JI H':l;;tl red 
by t he nitrogen <"OJJLPnt of th e twin e ancl faee;es of th e e-'.;perime ntal 
au i.m:d \\·hen re<"P iYiu g :1 nitrogen free ration, i be feed int:li;e bP ing 
s ue;h a ::; to IJiovide liberally for the <·ne rgy n wiJl tenan ee 1·eq ui1·emt·nt . 
It ha ,; aLo !wen sho1Yn tb :1l t h r ex<"n·tiou of n ii nJgf' ll in t ht• bc- t· es 
of a ninml ;; on nitrogen-fl·ee die h Y:IJ'iP,; direc tly wi t h thP an1ount of 
fe ed con s um e<l . 

Th e vresPDl f;e rics of iriaJ.-; ,,.<'l'<-' not pLtllll e cl for i he pu rpo~e of 
m easuring biological val ues, but, since botlt Lh e e uclogenuus urina ry 
nitrogen and tlw met-alJOlic fa e('<d nitrogen of the ~U ll l P t ln·pp sh eep 
(employ e tl in tl1esc- trials) \\·e re tl etennin e cl by ~Dints (1938) in 
experiments follo1Yi n g clire<"tly on the digest ion tria 1 s , the Ya]ues 
obtained by him are a ssum ed t o he a fa ir indication of the endogenous 
niil·ogt·n m ebbolic:m of t h e anim:tls <luring t- h e <ligPstion expe1·iments 
reported in this paper. Smuts f ed a nitrogen-f r ee rati on containing 
nbout 20 per cent. crud e fi ln·p a nd fo t~nd t h e 8\ f' l":tge e ndoge nous 
u rinal".'. and fu ee;a l nitrog en of tlte three anim:tls to he O·iJ32 gram:; 
nitrogen per J\i logram oo<l _y \H•ight a nd 0· 28 g r alllS lJel' 1()(1 g rams 
foo<l iuhtke, l'eSIJedin•l\· . r s ing th ese fig-ur es the pelTl'tti age 
u Li liz:t ti.ou of the nit rogl' n esiim a tPcl to Ita YP lwen absorbed fro Ill th e 
t·ahon~ f< ·cl i n digest ion peri od~ 1 to 9 has b een c:tl cu lated i.n 'l'<lble 
22 hom t he f'xperi m Pnht l rl:ita s ll<J\\ n i n T:thle ](i ;J itd Tahl es .T a1Hl L 
of thr- avpen<lix . Al·e r:lgP Y:ilue,-; for tiH· thre<e sh e<·p h<J\"P lH~en 
u c:P <l t luou g houL 

A g-l:i ii C'P at 'ruble 22 s ltOII·s that the fig un •s fo r thP · ' tn1P . , 
<l ige;;tihility gTe:rt ly <'Xl"<'<'<L t h o,;p fo 1 the" a pp:n·P ll t" digest ibil it y , 
t hr <liHen -•ncP,; hd11·ec-n t ht· fin) series of Ya hws he<·oiniu g lt>ss :1~ t h e 
lliiTogPn r:o n tent of t hP f<-·rrl < " Oll ~ llnH·d i nr·n•a se~ . 'J' he :t<"cur:.ll"\" of t he 
fig-ure s for t he digc-s tihi] it_,. i s, of <"ou rse, tle1wnde ni 11pon t h e a< ·<·tnal:y 
of the fig'LU<' for the mei:Jboli c ht P<"a l nitrog-e n , :lllcl sin<"e th e 
<h•t enninati oJI of Hw Lif t e r is h:l ~P<l 11pon <Ill indiJTd n1 e th ocl of 
un(' ertai11 exadtll'SS, ihP Y:dues for ll1P tn1e <l igt•s ti h ilit _,. nru s( be 
l ooke<l upo n a .s on ly :tpproxilllate. A t t he ~alllP {illl P :1 sl ight un<ler 
ur OYPresiitn:liion of th e lll eiaholic fn ecal nitrogen 11·ill not se r·iou sly 
aifect the YaluP c:l l C1 d atretl for ilte }Wrce ntn g-e of nitrog-en tJtil i;;P<l hy 
t h<· a nimal ho<ly, a~ hot h t l1P ll lllll Pl·:ttor Cln rl t h P rlPno ln i.na tor of t he 
fradion dc-t e rmining the hiologi<·:tl \:tluc- :ne i Jlfl nence<l by t h e figure 
fnr thP Jll Piaholic fa e('al nit mg·Pn. 

Thr a<·ce ptrd i. nfln e nce of the 1eYf'1 of n itroge n ini:ike on its 
u tilisation bY t h e <mimal org m1ism [:Ji itch ell (192:l) J i s cl e<trly 
rlemon strnf r- (1 hy lhe Yariation s in the fi g u res for t h e per< ·(•ntage 
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utilisation in Table 22 with variatio11s in the nitrogen concentration 
of the rations. vVith increasing intake in periods 1 to 4, and again 
in periods 5 to 9 the percentage utilisation tends to decr ease, the 
highest and lowest values being indicated for periods 5 and 4 when the 
nitrogen intake was at its lowest and highest, respectively . 

\iVhilst, 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 feel, (see column 
12, Table 22), the wastage of nitrogen in the metabolic processes 
of t he animal was least when the rations consisted of more mature 
herbage. If the level of nitrogen intake had been the same for each 
of the nine hay samples of varying degree of maturity tested, the 
percentage u t ilisati·on 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 the type of sheep employed in the experiments will 
consume continuously, it is doubtful whether t he animal will consume 
the weight of 6 monthly cut grass h ay which is needed for its nitrogen 
maintenance requirements (see Table 21). At the same t ime 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 oth er 
energy-yielJing or nitrogenous supplements, it is conclucled that it 
may be u tilised most advantageously, as a maintenance r ation for 
adult sheep, when cut at the intermediate stages of growth, vi>~. at 
2- or 3- monthly intervals. 

Owing to the shortness of the feeding experiments and since the 
inadequacy of nutrients that may be stored in considerable amounts 
relative to current expenditnre in the animal body may be deferred 
for longer periotls of time than in the case of protein, ther e is little 
justification for embarking upon a discussion of the results obtained 
in the measurements of t he cakium and phosphorus balances. 'l''bese 
balances h ave been included with the other results of t he investigation 
mei·ely to indicate probable influences of the different rations on the 
mineral metabolism of the animals within the short interval of t ime 
allotted to each digestion trial. 

The data for the calcium balances have been decidedly 
disappointing in that oonsisten tly n egative balances were obtained, in 
spite of variations in the min era 1 content of the rations consumerl. 
In considering these results it should be borne in mind that mature 
sheep >~· ere employed in the experiments . The maintenance require­
ments for such animals does not appear to be definitely known 
[Franklin (1935) J, but is un<louhtedl:-· 5mall r elative to that for 
growing animals. Fadors which may h ave influencetl the calcium 
balances are the (ligestibilit:v or :wailabilit~· of the calcium in, the 
unfavourable calcium-phosphorus ratio of, actual deficiency of 
phosphorus during some periods, and, t he probable absence of 
unknown factors in the experimental rations. 
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Apparently t he gntss ;;amples obtained by c utting ut mo nthly 
a ucl :!-monthly intennls a nd fed chrring period s 4 and B, a nd period s 
3 <Wd 8, r espect ively , tended to br ing about a condi t ion of phosphorus 
eLJ uili brium i11 th e UJlimab, 11·hereas negatin· balanc-e;; \\· er e reg i;;tere<1 
f or all other p e riod s. I n vie,,- of the ach·an tag<-'s a t-tachiug to a 
s:vstem of e;u tting herbage at 2-m onihly intrnals cluriug- the gnmiug 
seaso n , as i n <1iC<Iter1 previmrsly, th e m iner a l m etalJOlism of animals 
subsisting- e n t.irely on such herlJ<Ige conld '"ii h allvanbge b e 
in ve~iigated with sp ecia l n·fereuce to the requ irem ent,; f or 
main ten:~ ne;e ancl grO\dh in Te:>J H-~d of c-:~ 1 cium and p h o,;p h or u s. 

IX. GENERAL SUMMARY AND CONCLUSIONS. 

l <' ive sp ecie.-; of iiHligen ous gTas::;es, nam ely Cldons yayruul, 
Setwtrl Lindcnl)(•ruiona, Cl'nl"iu·us ( 'iliw-is, J) tgit-ruio z_; entzu l 'rc tona 
S lllil71 , <111(1 l 'onicu/11 IIIIU'III /11111, 11·en-• c·sfa l ,li_,;lw!1 e:~l' h 1n fi,-e 
I·epli<·:Jtion ,; .CJ r.~ :2,.) p lots , 8ac1l nJ ea:iuring (:!-1.. x 17) squ <ne feet, in a 
Latin Sq u :~re ;uora ngc•m e nf. I•:;H· h p lo t ~~ - ,t~ag;~in ~u hcl i ,· i cl e c1 in! o fi,·e 
equ a l podion~ an11 a difl'f•ren t trc•ahn eni al locah•d ;\1, l'<l ndom io eac ·h 
subplot ,,·ithin a nwin plot. TIH• l>Hl· di,·e ~-ntiin g- are;\ of a s ubplot 
m emm rec1 (22 x 0 ) square feet. The experin1ent c-o,·ered hnJ gTo\\·i ng 
sea~on s anrl t he freatments <1ppl iecl \l·ere : -

(1) Cu fti n g t hP herhag-e at. Jn onthl~- inte rY;\ls ; 

(2) Cu fting t h e lw rb;~ge ;~ t :!-month ] ~- i n f·en;d s ; 

(3) Cutting i h e ltcrb<~ge <I t :{-mon t h ],,- i nten-;d~; 

( 4) Cutting t lw h erbage a fte r -:!- mont h .-; grO\d h, follo\\·ecl hy 
a n afft·nnath cut of •J month s p.To\\·th ; <l nd 

(5) Cutting the hPrbag·e once onh · tO\Y<inls the eJH1 of llHo 

gro \Yi11.0: ~f'<bon , n~nall~- a G-n·Jonf hh cn f. 

The uhjeds -of i he inYesfigafio n \\·e rP fo :iluch f lw efh-•d of ! he 
tn•at JII md s on t he :vi eld , c h PJn ic·;ll COlll pos iti on,· dip;e:; tihilit _v ~IIH1 
nub·ifive Ya lue of tlJP gT<Isse,; uncl er JJ ;dm·;d (·onc1 ifio iJ,; of soi l ;tncl 
cl i m;d P. T o l esl ihe <lige::;tih il it:v t h e procl uc-P olJfaiJJP cl und er ;m_v on e 
cutting t rf•; d 1n enf· fo r all f he :-;pe1·ies c·oJnhin ed ''-" " t n•;t!c•c1 a s a :-;ing·le 
S:t lltplP. 'l'hrl'e adu lf Merinn \\'P t1H•rs " ·en• elllplo_\·e tl a)]{1 t lw h <I Y 
S<l lll [li Ps \l'l"rP fpsfP cl iu ni11e :i1i(·c·c•.ssiYP <lig·esf ion per io!L. 

'L' IH' follo\\·ing i,.; a KllDIIIJ<Il'} of fhr resu lh ohi;~ iu P c1 : -

(1) Gr,lsc>es of the ~to l o11i frro u;; fype " ·e1·e n·,tdil y vrop<~ gah• c1 
from roots , \\·h ere<I S th1• psfahl i sh m enf of huJI! ·h grasses],~­
t hi c; JJJ etho!l d<-•ma !ll1ed lllllch c·arP all(1 a f ienf ion. 

(2) Th P int ru s io!l of 11·eerb a nd of-Iter gT<Iss species inclig-PHou,; 
to the locality on fhe estnldi sh ed pure ~ta ncls occnrrer1 most 
on t h ose sub-plot:-; cu t :1t rno,lfhl)· iuf('n· ;~ls. 

(8) Of t he gra ss sp ecies ,,furliPcl S etorio J,indenl>erqiana ancl 
Pt~n iC'Iun 11W.rim11111 gaYe l he ltighest y ields ol' d1·_1· m:1tter . 

(4) The ~-ie lc1 of dr,- lll<lf ter '"'1'; lol\·est 1dwn c· utt i 11 p; t he p;ras;;es 
a t m o nthh· i n fpn -,1b chuing the gTo,,·ing- se ~ 1 s·o n . 
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(5) Of the more lenient cutting treatments the 6- and 4-monthly 
systems produced on the whole more dry matter than the 
2- and ::!-monthly systems. 

(6) Evidence 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 cut at the 
end of the season or two cuts as represented by a 4-monthly 
cut in February followed by an aftermath cut two months 
afterwards, has been obtained. 

(7) Rainfall is the most important factor governing the yield 
of grass under natural conditions. It 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, potassium, chlorine, and crude 
protein of the dry matter of herbage samples is markedly 
influenced by cutting treatments, the values decreasing 
with deereasing frequen2-y of cutting. Calcium and 
magnesium values do not show appreciable va.riation with 
stage of growth, while the 1-!"eneral tendency for soditlm is 
to decrease with age in the plant. The crude fibre cor;.tent 
varieR more or less inversely with the protein content and 
the percentage ether-soluble extract shows irregular 
fiuctuations with variations in the stage of growth. The 
nitrogen-free extract shows little variation in the dry 
matter of herbage from different cutting treatmentR. 

(9) On the whole the dry matter content of grasses increases 
with age in the plant. It is, however, considerably 
influenced by climatic conditions. Drought is associated 
with high values while suitable moisture and temperature 
conditions causing active g-rowth are favourable to low 
Yalues for dry matter content. 

\ l(J; While there may be no difference in the production of crude 
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 interYals between cuts 
become longer. 

(11) Except for the ether-soluble extract which occasionally 
shows irregular fluctuations, the coefficients of apparent 
digestibility for all the constituents of the organic matter 
of the hay samples decrease steadily with advancing stage 
of gr·owtb. 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 equivalent 
including 1·42 per cent. digestible crude protein as against 
il8 · 92 per cent. starch equivalent including 5 · 07 per cent. 
digestible crude protein in the dry matter of monthly 
cuts. 
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,1 3; Th e lJUt~·ttil·e ratio r eJJJai ued 11· id e, lmt improYed hom 
1 ::29·G to 1:10·G in t he dry ntaitPr of G-lll oni hl y and 
mon t hly c·ut herbage, rrsp edi1·ply . 

\ 14) Th e dab of the dige,;tio u tl'i:d,.; :-;erm t o ,; uggest th at Lh e 
ani lllub Pntployed ,,·e re ab le to main tain Ji,·e-11·eight on 
much ,; mulle r <llll01JU ts of ,.;b rl'h eq u i,·:delt t t hau are 
d e lll:lnded l,y EuropNln t>inn<lard,.; . 'l'he figure calc·ulntecl 
is (J · (i3 lb. of starc-h equiY:t! Pnt p er cb y for a ,; lll'e p 
ll'e i.g-hing lOO lb. , ancl c:onfi.Jte d to n lHC'tab,Jli :im crate. 

(E,) T he produdio n of digestibl e mit rir n L-; ob taiHable IJ:v c.: u tt ing 
g-nl :i:it':i ;It lli OJtiuly and :!-lllonthl y i nipn·ab i :; c·ons idPrahl1· 
hig- her thun tha L rPs ttlt i ng· frot tt th P tn me l l'ni e nt ;;y stem s 
of cutting. 'l'lt e unbnntrable effed of repe:tled d Pfol ia ­
l Lflll :i at monihly inh'n<tls on t lt P Yliallt~· of il1e plant:i i:; 
r c fl ectt>d in a h igher yield of :-;ta]'(;h equiYale11t und er the 
:2- tl l!lll thl~- s.1 s tem <luri ug tbe seconrl sea;-;ou of the 
l'X:[Jerimen t . 

\ Hi) \\'i th Jlra eti r·:dl y the s<UlH' dr.1· matter intal; e fm :dl the 
.-;a tnplc·~ of hfly tesi ed ihe c·ouc·e nirntion of nitrogen in ihe 
ralion,.; r;ons ntn ecl \' fii'Le'l ac;l'onli n g Lo the .~bge of g row th 
from di ge;:;i ion p eri ocl to p e t·i od. U n der t hes<· conch t.lom; 
ihe mos t er;onotn i <' uiili s:1ti on o f th e 11itr ogen ahsorbecl 
occurrecl tluring those p e riod s " ·l1eJ t the animals IH're 
co ns uming h erbage of th e h ig·hes t d egree of maturi t~.-
!'Onbinino· tl1 e l OIYt':;t ]Jl' tTe n Lwe of nitroo·e n H OIU' Y<'l' 
n ~b rep ,;'ill proba bly not c·on ,.;{;n te :;11 fli cie~tt ~[ ;:;1t<·h poo{· 
ancl compar atiYely 1tn pahinhlc lwy t·o p rm·icl e fm· itt< 
Il l t-J·ogc' ll 111 <l i II tP 11 <llH'P rE'(j 1lll'8Jilll t,;. 

(17 ) The cons is tent ly n egati1·e •·nl ciutn h;d ;111 ce.-; obtain e d 11·cre 
prob:tlll,Y no t. clue to an ;th,;olut.e clefi c i e nc~- of l iti s min e ral 
in t h e g-ra:;,; ,;ampl e,; . ~o e:x pl a natio n [,; g iven fo r t he 
ph enomenon. 

(18) 'l1 h e animals appearPcl to h ;we l Jee n in a :;tnte of pho:;pb oru . .; 
erjlti lihrium 11·h e11 fePrling- on herhag·e c·ut at n to td hl .1· and 
2-mo n th l ~- ini e n ·ab. 

Sinc;e t h e n•:<:llts ohin inecl 11·ith ilH' g-ra ,;:; :;pec·iPs :;tu cl i ecl 011 i h P 
partic ular t.1·p e of .;oi l a nc1 llJI(l Pr t he cli111ati!' <·ondit.ion ,; ohht inin g­
chn ing ihc• hn1 .;e;tSOlb of tl1 e inve;-;t.ig-:ttion lll<lY not h e Ltl; e n to 
apply grnt•t·<tlly, it i:s not IJO!i:iiLl P to Ll :v dOI\'11 dPar cl i t·<'dio ns for the• 
pr:1 ci ical nl<lll. XPI·r r i h r]ps:; , h orn a c·on.; irl enltion of t l1 e eYi cl Pnce 
of th e rl.ti<t ohb i ned i 11 thi s Pxpe ritn e n t ns a ~~-h o l e ii .<E'PIII:i to ],p a 
warrani<~hlP conr·lu ~ ion ilw t a s.1·-;te n1 of I'Htti ng- gT;t .; .~p .-; :t t :lppl·o:x i­
mntel ~- 2- tlt Otdh l.l· i tdl'tTnh rluri11g tiJp gT·OII· in g- :iP<l:iO ll for th e p1trpo:;e 
of jnoviding fe Prl <lu ri ng ti nw;; of sc:a rc ·i t .v 11· ill re,;ult i n th e nw.;i 
ec·n nm ni c·a l utili ;;:dio n of i nrlige nrnts g ra ,.;,.; "' [Wr ies und er natural 
concl i tio n ~. 
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