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IHTRO DU CTI ON. 

There is  an old English saying, with regara to l ivestock, 

that "half the breeding goes in at  the mouth". I ts si  ;nii icance is  

obvious, on consideration of the fact that any attempt in l ivestock 

improvement,  of a permanent nature, must uepenu upon a sound system 

of animal nutrit ion. Only with the: comparatively recent advances, 

in the knowledge of this science, has markeu development in any 

system of l ivestock improvement and consequently animal production 

been possible.  

Livestock improvement ana mixed farming become increasingly 

important features in colonial Agricultural policy. In relation to 
\ 

the problem of fooa production, their importance, with tho advent 

of the war, becomes iragnifieu since considerations or human nutrit ion 

must necessarily be concerned to an even greater extent,  with those 

of animal nutri t ion. 

In this respect i t  is obviously desirable to become 

inaepena&nt of imported feeding stuffs,  though such an aim is not 

always possible.,  permanent or only seasonal lack of home ;roivn 

feeding stuffs,  to supply stock re quire .ents,  is  a problem, which 

confronts many countries.  I t  is ,  however,  oiAy by a knowledge of 

the nutri tive values of more home grown or easily obtainable feeding 

stuffs,  that a country is  enabled to obtain the maximum p roduction 

from them, in addition to assessing her inuepenuence or imported 

ones, such a knowledge, i t  is felt ,  would be desirable in Trinidad. 

Catt le in Trinidad are kept for three main purposes:-

work, milk-production and the dung they provide, on sugar estates,  

this last  is  one of the chief reasons for the maintenance of a 

dairy herd. To achieve this end, hie soil ing method of l ivestock 

rationing is adopted, green herbage being cut and fed to dim cattle 

in pens or s tal ls in the case of dairy herds. 

The roughage supplied to the animals varies with hie 

season of the year,  in the wetter months this comprises the 

cult ivated perennial grass crops, such as Elephant Grass and those 

examined in this thesis,  or mixed grasses from tl--  cane field 

traces,  in the dry season, these are replaced by cane-tops and 

Uba Cane which is  sometimes grown particularly as a reserve, to 



t ide over a lengthy ury season, should oi:er roughages fail .  

Throughout the year the peasant cattle owners rely upon 

what can he cut -or ; if  not ;grazed from roadsides or . .aste patches 

of land, the use of concentrates being rare.  

Though scarce, where pre sent,  the pastures are used more 

as a means of exercise or additional grazing and are not generally 

relied upon as a supply of roughage. 

Home produced or locally obtainable concentrates comprise 

chiefly ::aize, cottonseed and Coconut meals and molasses,  , /hile 

these are util ised as far as possible,  addit ion of protein-rich 

concentrates to dairy herd rations is very often necessary, if  

required feeding standards for milk-production are to be net.  To 

achieve this,  rel iance lias been placed on imports,  mainly of l inseed 

or soya bean .sals.  

There is  at present practically no accurate knowledge of 

the nutritive values of feeding stuffs when fed to catt le in 

Trinidad and, as far as is  known, except for two previous digestibil­

i ty experiments,  and the present one, l i t t le attempt has be jn rade 

to determine any or to verify the standards upon which rations are 4 * 
based, such a system of rationing, therefore, i t  is felt ,  leaves 

much to be desired, while i t  is admitted that rat ions based upon 

the most accurate feeding standards and nutrit ive values can at  

best be l i t t le more than an approximation, i t  is however thought. that 

this should be no excuse for the use of less accurate values which 

only tend to increase the error in question. 
*< 

In the larger dairies,  a successful breeding programme 

has been established and a high standard of milk-production reached. 

With the addition of imported concentrates,  to supply the deficiencies 
. V 

of those already available,  i t  has been possible to maintain this 

standard. The progress made in such a venture cannot but be 

acclaimed but,  while i t  has been assumed, very often in al l  

probabili ty quite rightly, that the imported fee.ds are essential to 

maintain certain standards, i t  would appear that a certain risk is 

entailed, with uncertain knowledge of the feeding values of local 

feeds, too much reliance has inevitably been placed on imported 

ones, should supplies of these be cut short or their prices ~e 
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raised unduly, this uncertain knowledge will  only increase the 

consequent difficulties.  

The f irst  essential in livestock rationing is to maintain 

the animals.  A knowledge of the nutrit ive values of the feeding 

stuffs -which are used for that purpose is  needed, in Trinidad,and'  

should form the logical basis to a wider knowledge of the nutri tive 

values of al l  rations, fed for any purpose, in addition, if  there 

is  to be any progress,  in the direction of further util isation of 

home grown feeds with increased production from then, a start  must 

be made with the perennial fodder crops. There is  ample evidence 

to show that under proper management,  they have a high nutrit ive 

value. owever,  as yet,  insufficient attention is paid to this 

aspect by cattle owners in Trinidad -nd i t  is felt  that,  as uti lised 

at present,  the poteitfcial feeding value'of these fouders is  not 

always fully realised. 

In general ,  j i t  Is thought,  that in comparison to tx.a high 

standard at tained in livestock improvement,  the nutrit ional aspects 

of the problem have been rather neglected. Therefore any contribut­

ion that can be made to alleviate this situation, my be of value 

to every class of cattle owner. 

The Object of the Experiment.  

The object of these experiment was to determine the 

digestibili ty and nutrit ive value, as a basis for comparison of the 

following forages, 'when fed to cattle in Trinidad. 

1.  Bamboo Grass -  paspulum fasciculatun. 

2.  para Grass -  Brachiaria rautica (stapf) .  

3. Guinea Grass -  Panicum maxijiium. 

4 .  Guatemala Grass '  -  Tripsacum laxum. 

5.  sweet Potato Vine -  ipomea batatas.  

Though some t ime has elapsed since then the experiment 

may be said to be a continuation of the series,  initiated by I aule,  

J  .p.  (1930) with, work on uba Cane, cane-tops and Elephant cr^ss.  

This was followed ;vith work by Hobbs,p.E.T. (1931) on savannah 

Grass 



Grass ana Coconut raeai.  

Outline or the gxperiment.  

In planning the aigestibili ty trials the methoa empioyea 

was that adopteu by the above two workers.  This,  as I/aule (1930) 

states,  depenued largely upon circumstances. I t  was arranged on 

the l ines of similar tr ials ,  carried out,  in India,  by y. 'Urth a nd 

Lander (1926), with certain modifications similar to those employed 

by L'aule,  in a digestibili ty tr ial  at  Cambridge, in 1929. Details 

of the actual method of conducting the following trials and of the 

calculation of nutritive values from the amount of digestible 

nutrients,  by the use of Kellner 's (1926) "production yulues", will  

be given in a later section. 

PART I .  

(A) a.  COITSIDERaTION OF THE I 'dTHODS EI PLOYED Ii  dlE n-2 .{ESSIOI. OF 

THE NUTR ITIVE VALUES OF F , 'DITTG S TUEFS, .IT SPECIAL REF. :RK? 01 

TO KE LLMER'S I ETIICD ^ I\TD I TS LIITTA'lTOJ S.  

There are three main ways of expressing the nutrit ive 

values of a feeding stuff 

1.  rorrison'3 (1927) in terms of digestible crude protein and 

total digestible nutrients.  

2.  Kellner 's (1926) in terms of digestible crude protein and starch 

equivalent.  

3.  Armsoy's (182$) in terns of digestible protein and net energy 

(in therms).  

Basically the two systems of Armsby and plhier are 

similar.  They both attempt to achieve the s-mr. object and uii- 'er 

only in their method of expression, fhe fact that Kie two systems 

exist,  however,  tends to result  in some confusion in terms. i th 

that in mind, i t  i3 felt  that some sl ight digression on the subject 

is  essential,  in order that the values derived from this work nay 

be correctly assessed. 

I,e l iner '  s  



Kellner* s  original values, obtained cy his respiration 

chamber were actually net energy ones. They agree, in so xar as 

the feeds can be compared, fairly closely with those obtain d by 

Armsby, working with his unii . jal  calorimeter,  loth these sets of 

values for feeding stuffs are net productive ones and thus directly 

related to the effect they may be expected to produce. 

iri  order to avoid the use of large numbers to express the 

net energy values of rations in calories and also to avoid the 

int oduction of unfamiliar terras,  Kellner converted his values into 

what he called starch Equivalents.  This value can be defined as 

the amount of search (assuned to be perfectly digesced) which has 

the same net energy tralue as the feedin stuff.  

By using the term starch Equivalent Kellner was able to 

express in a single figure what otherwise jou_.d have to be expressed 

in three, i .e.  one for carbohydrates,  one for fat  and one for 

protein. This advantage has,  however,  veiy often led to the use 

of the terra stare.  Equivalent to express a value, not ,eant by 

Kellner,  i .e.  Gros3 Digestibil ity Energy. .his value easures 

only the gross energy production, in uerxus of starch, but does not 

signify what proportion of the energy can be util ised for productive 

purposes. The dist inction is made by calling Kellner«s starch 

Equivalent,  "Production Starch Equivalent",  and the others 

"Maintenance starch Equivalent".  These last  are comparable to 

Armsby s  I etabolisable Energy values. 

While i t  does not affect the values they obtained, i t  is 

felt  that,  at  thi3 point some crit icism should be made of ] aule 

(19.30) and Hobbs (1951), for the use of the term "Total retabolis-

able Energy", to express a figure in the calculation of their 

Starch Equivalent,  such a term as "Total He tab oils able Energy" 

docs not exist .  I t  is  also felt ,  that this figure, from the 

method by which i t  was obtained, does not truly represent the 

He tab disable Energy value of the feeding stuff which, incidentally,  

is  measured ih units of heat not starch. 
a 

Kellner also devised/method whereby the starcc Equivalent 

of a feeding stuff could be calculated, on the basis of i ts  

digestible 



digestible composition, by the use of "production values"« 

As stated previously this method was employed in these 

trials and as can be seen from the method of calculat ion the term 

Starch Equivalent is  used, as by Kellner,  to deiiote a net productive 

value. 

Kellner determined his "production values" by feeding 

the pure digestible constituents of feeding stuffs to an animal,  in 

the respirat ion chamber. By m ultiplying the amounts of digestible 

nutrients in a feeding stuff by these values, he was able to cal­

culate i ts  net productive value. ;/hen, however,  this calculated 

value was checked against the one, obtained for the feed by direct 

U39 of the respiration chamber, the lataer value was always lower 

than that calculated, in the case of veiy fibrous i ate rials ,  the 

net productive values were found to be less than half those cal­

culated from the content of digestible nutrients.  This was due to 

the fact that,  when etermlning his "production values", Kellner 
(Put*.' y • ' V 

fed the constituents of feeding stuffs in a pure finely divicied 

form, entail ing li t t le or no energy expenditure in r is t ication and 

digestion, TO obviate this he determined and tabulated correction 

factors,  to be used in calculations, for each type of fe.din^ 

stuff.  

Digestible nutrients in soma feeds therefore-pound for 

pound -  have a lower energy value than others.  i 'his is  a si:  uifi-

cant fact since i t  would seem that generally and particularly in 

the cuse of coarse fodders,  as dealt  with in this thesis,  total 

digestible nutrients in a feed are not-an accurate basis for com­

parison. further,  i t  could be assumed that-digestible nutrients 

in a feeding stuff,  containing l i t t le fibre,  may then be twice as 

valuable as the same quantity in a feeding stuff,  r ich in fibre.  

The disadvantages of using terms of digestible nutrients,  

as a measure of nutrit ive value, have been outlined. There remain 

the possibil it ies of expression in terms of either Net Energy or 

Starch Equivalent.  To calculate the former, i t  is necessar,  to 

use Kellner» s  "production values" in their original form, i .e.  as 

heat units,  before conversion into terms of starch, since this 

last  



last  step is eliminated and therefore the chances of error made 

less,  i t  is fel t  that this method has much to co-mend i t .  However,  

a discussion of the relative advantages and disadvantages of aich 

a course have no place in this thesis,  for the following reason. 

Starch equivalent values form the basis upon which rat ions are 

calculated in Great Britain and the'Empire including Trinidad, 

while,  in addition to being the accepted ones, they are prooably 

the most easily understood by stock-owners» Before accepting the 

Starch Equivalent system, however,  i t  roust be realised that there 

are dist inct limitations to both expression of nutrit ive value, in 

these terms, as .veil  as to the method which has been used to cal­

culate them. 

For attempting to express energy values in terns of 

matter,  l ieUner has been crit icised by many, "jy so doing, his 

values become indirect measurements and as such^uore l iable to 

error.  

in addition his "production values" were based upon a 

relatively few determinations- While he uti l ised these values, in 

their original form, i .e.  as heat units,  in earlier work, Arms by 

later showed that they were not accurate for every class of feed. 

Woodman (1932) states that in i-ecent years i t  has been found 

necessary to increase the starch Equivalent values for coarse 

fouders by one-fifth,  in order to bring them into l ine with measure-
if 

ments of net energy made by Armsby. These new figures,he States,are 

in gene al  agreement with his experience. 

. . 'his step has been taken wit 4 values calculated in this 

thesis and where quoted, with those determined by ifaule (1930) and 

Jfobjs (1931), to put them on a comparable basis.  The writer is  not,  

however,  quite certain of his justification in so doing, in jhis 

case. 

Kellner»s starch. Equivalents also .*ere originally intended 

to measure the fat-producing value of feeding stuffs,  when fed to 

steers,  in store condition, 'and i t  was with such animals that all  

his determinations were made. The fact remains, however,  as 

Wood,T•B• (1937) states -  "that they have been widely accepted as 

treasuring 
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measuring the real value of feeding stuffs for ail  Kinds of product­

ion, not only fat  but growth, milk and work. Particularly in the 

case of milk-production has their mailing been stretched since 

there is  evidence to show that Kellner 's starch Equivalent*do not 

include a sufficiently high value for protein, to uake them really 

accurate ,  us a measure of I lk-producing value. This is  due to the 

fact that when determining the energy production of feeding stuff 

constituents,  Kellner worked on a basis of pure .protein alone, 

without taking into account the value of anin o-compound a,  .J.so 

present in the feeding 3tuff.  

There would then seem to be justification in the severe 

crit icism of Forbes (1957), who spates "my feeling in regard to 

Kellner* s  method of computation of energy values of feeuing stuffs 

is  that i t  rests upon very sl ight experimental basis;  that i t  was 

devised prior to the development of the main point of the revolution- I 

ary, newer knowledge of nutrit ion; and that i t  affords no scientific 

basis for recognising the influences of this great body of knowledge. |  

in my opinion, hi3 idea of using correction factors by which to 

multiply computed energy values ' to nuke them agree with results of 

calorimetric measurements,  is  a hopelessly awkward and ineffective 

way of recognising the individuality of feeding stuffs,  as deter­

mined by the intimate character and nutrit ive qualit ies of their 

proteins,  carbohydrates,  and constituents of fatty character,  their 

mineral nutrients and their vitamins" 

Such a knowledge, while in every way desirable,  is  quite 

impossible to determine outside a fully equipped research station. 

Since however the starch Equivalent system has become accepted and 

other values are lacking, those of Kellner must '  be used for practic­

al  purposes. .hile i t  is not supposed that Kellner ever intended 

his method to be so videly applied, i t  can be said in i ts favour 

that upon i ts  rather unstable foundation,to some extent modified, 

the system of rat ioning in great Britain has rested fairly success­

fully.  The fact,  however,  that results,  obtained by the use of 

Kellner 's values,for feeds in Trinidad, nay rest upon an even more 

unstable foundation, must be evident.  
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( B )  Thm -C55QGI-.XTI7.LI .'J OF FEEDING STUFFS PI DIGESTION. 

Recently some very important and relevant aspects in the 

problem of measurement of the nutri tive effects of feeds, have been 

stressed by hitche 11 (1957) .  He points out that the aim of every 

method developed for the nutri tive evaluation of feeds has been to 

assign to each feed a single value or l imited number of values, re­

ferring their different nutrit ive propert ies,  in the computat­

ion of rations, i t  is assumed that these values are additive and 

nutrit ive effect constant.  No provision is made for variation in 

such values, with the level of feeding or through the effect of one 

feed upon another,  associative effects of feeds in digestion aid 

supplementary effects in metabolism are implicit ly derived. Only 

recently, r i tchell  states "has the idea developed, that the concept 

ion of constant feed values and the conception that deficiencies of 

one feed may be corrected by the excess of another,  are really 

incompatible".  

I t  ha3 often been shown that feeds do not behave inuepend 

<Sntly in digestion. I i tchell  states that "wastages of foods in 

digestion are not additive when foods are combined" and that 

^departure from accurate addition may be sl ight in some cases but 

difficult  to predict in al l".  

in connection with Keliner 's discoveries with regard to 

fibrous materials,  alreaay mentioned, i t  would seem reasonable to 

believe that a bulky fibrous feed impeded the digestion of other 

feeds, mixed with i t .  Those feeds, then, with a low digestibil ity,  

i t  might thus be supposed, will  lower the digestibil i ty of others.  

Alternatively, however,  feeds of high digest ibili ty might increase 

the digestibili ty of one's with lower digestibil ity.  The problem 

is very complex and by no means solved. 

An interesting example is  provided from results obtained 

by Hobbs (1951), at  the imperial college, nis object was to 

determine the digestibil i ty of savannah Grass and cocaiut meal,  

when fed to cat tle.  Since i t  was impossible to feed the Coconut 

meal alone, he adopted the usual method for determining the value 

of 
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of concentrates.  This is  to 1'aed the concentrate with a roughage 

whose value is  already icnown , in this case savannah Grass whose 

digestibility he hau rirst  determined. By assuiuing the digestibil ity 

oi the savannah Grass to remain constant i t  was possible to calculate 

the theoretical value for the coconut Jsai.  As ^riisby (192o) 

s tates,  "i t  is  evident that the determination or the cii  ;estibili ty 

of a concentrate in this way, is  less accurate than that of a feed 

wnich can be given by i tself .  The assumption that the digestibil i ty 

oi the roughage is not changed, is  tinprovea ana probably not strictly I 

correct".  

Hobb's results bore out this contention. The uigestion 

coefficientsfor the coconut meal,so cuiculateu, rangeu from -49 to 

over 800 among the various nutrients.  While admitting the possibility I 

of reasonable experi .ental error,  Hobbs points out that such could 

hardly account for these figures since the uigestion coefficients 

of the combined ration showea no more variation than those of the 

grass alone. 

But one explanation remained, i .e.  that the digestibil ity 

of the savannah Grass haa been al tered by the aduition of the con­

centrate.  By this methoa of calculation which assumes the ai  est-

ibil ity of the grass to be constant,  any alteration in value would 

have to be assigned to the concentrate,  since the proportion of 

concentrate to roughage was small considerable error in the theoretic­

al  digestion coefficients of the concentrate would result .  obos 

then attempted to determine to what extent una in what proportion 

the digestion coefficients for the consti tuents of savannah grass 

hau varied with the addition of the coconut meal.  Unable to use 

his own, he maue the comparison by using digestion coefficients for 

Coconut meal,  obtained by ICeliner.  ynile such a comparison is  
IL 

desirable,  I t  must however be obvious, that obtained in this way, 

i t  is quite valueless.  

Further evidence of this nature is  shown by Lander and 

Dharmani (1925). using the same method to uetermine the digostibili ty |  

oi a concentrate. ,  t l je digestibil ity of the rougaage was so much 

improved, that ,  upon calculation, digestion coefficients of over 

100 
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100 were obtained for several consti tuents of the concentrate.  

Worth (192b) also found when conducting feeding experiments with 

Indian fodders that higher digestibili ty was associated with a 

higher proportion of ooncenUrate in uhe ration and he showed that 

digestibil i ty increased considerably with the amount of protein 

present and was related, as far as all  ingredients were concerned, 

to the protein content of the fodder,  in this respect Kellner 

(1926) states that "increase of cruue protein tends to aid digest­

ibil i ty of starch which would otherwise pass undigested in the 

faeces" and also states,  "the increase of crude protein in a food 

causes, not only no depression of digestibili ty of the other cop­
ponents,  but,  on the contrary, minimises the depressing effect of 

large quantities of nitrogen-free substances". 

Further evidence on this subject of the associative 

effects of one feeding stuff upon another is  supplied by r i tchell  

(1937). In particular he quotes the . ,ork of Fraps as confirmatory 

evidence of the effect of protein ueficiencies,  in the ration, 

upon energy utilisation, in the l ight of such evidence, he f inds 

his conclusions expressed in those of Fraps, which are as follows:-

1.  "The. addition of a proteid feed to an unbalanced ration increases 

the util isation of energy of the entire ration, fhe prouuetive 

energy of a feed in an unbalanced ration is lower than in a 

balanced rat  on. The measurement should be made in a balanced 

ration since in an unbalanced ration another factor than the 

productive energy of the feed, is  depressing the results.  

2.  A proteid feed, adued to an unbalanced ration, ha3 an effect 

greater than i ts own productive energy since i t  increases the 

ut il isation of other feeds to miich i t  is aaded" .  
9 

In brief the following consideration now arise.  Rations 

balanced addit ively, as ~.t present may be far from balanced i .  siue 

the cow. .heir production value may be greater or les.  than 

estifaoed, but,  to'what extent,  i t  is difficult  to-predict .  

I t  has been pointed out that the problem of protein 

supply, in the rations of frinidad dairy cows is  a doubtful one, 

especially in view of the uncertain knowledge of feeding stuffs 

which exists.  The above consideration tends i.j~rc;ly to incr-ase 

that 



that uncertainty. 

] acintosh (19139) has shown conclusively, that provided 

good quality hay is  fed, less protein is  needed in the rat ions of 

high yielding dairy cows than is recommended by English feeding 

standarus. t 'hese to soma extent modified, are essentially those 

laid down by Kellner (1926). Macintosh's f indings therefore, i t  

is  thought,  may be parily du^ to that error,  previously mentioned 

in connection with Kellner*8 Stare:.  Equivalent values, as a measure 

of milk-production, m respect of Macintosh's proviso however,  ie.  

good quality hay, i t  would hoover seem that to some extent,  his 

findings may be due to associat ive effects.  

With the existing lack of knowledge of feeding stuff 

values the query of whether the same might be possible in rriniuau 

cannot yet be answered. In actual fact ,  i t  is believed that ,  in 

certain cases with high yielding cows more protein lias had to be 

given, than was thought to be necessary to maintain milk yield, 

by Trinidad standards. { 

in the l ight of the evidence stated, i t  is a temptation 
) 

to suggest that the roughage was of inferior quality,  in such cases.  

The above would seem to be an expensive method of production and 

in itself consti tutes a cogent reason for further investigation on 

Trinidad fodders.  Y/hile the conception of a production ration 

being the sum of two parts which supply maintenance f irst  and 

production afterwards, can no longer be entertained, the desirability 

of determining which foduers will  maintain an animal alone, is  

obvious. With such a knowledge as a basis,  i t  would then seem 

reasonable to proceed on the suggestion of 1 itchell  (1957) wnose 

contention is  supported by Forbes (1957), i .e."uhat in experimental 

work which presumes to be scientific,  tl ie digestibil i ty of the 

comjinutions of feeds used must actually be determined, not computed 

from indiviuual feeds')  arid put i t  into practice. 
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( C )  C ON SI PER AT ICU S OM THE HELATIOhShlP BET'..EOIt PLAIml OF i.TIfhIT ION 

AKD DIGESTIBILITY. 

Another factor,  which must not be overlooked is  the 

relat ionship of the plane of nutri tion, upon which an animal has 

bean kept,  to the efleet which may be expected from any ration. 

Armsby (1928) s tates,  "it  is  somewhat generally believed 

that the amount of feed necessary for maintenance varies with the 

plane of nutrit ion upon which the aniii-ul is  kept",  on a sub-mainten 

ance ration i t  has been shown that there is  a uecrease in food 

util isation and the animal organism, when kept on such, for a long 

time, gets on a more economical basis,  thus a ration which has 

been insufficient to sustain live-weight at  f irst ,  may later be 

capable of maintaining the animal and later st i l l  of increasing 

that body weight.  

"Digestion experiments",  Armsby (1928) states,  "with a 

number of animals would indicate that a part  of this is  due to the 

more, complete digestion of the feed, by the animal on a low 

nutrit ive plane, but so far there does not seem to have been a 

sufficient increase in the aegrees with which the feed lias been 

digested, to account for all  the increased efficiency in the ration 

noted" .  

The above is  of importance in respect of the effect 

which the plane of nutrit ion may have on feeding standards, warth 

(1923) has shown that the maintenance requirements of Indian 

catt le are rather lower than those given by European qmd American 

authorities.  Especially is  the protein requirement lower, a wider 

Nutritive Ratio, having been found to be more suitable for animals,  

not requiring a large production ration. Warth (1927), later 

quoted in support of this,  instances of higher digestion coefficients 

being obtained by inuian animals than by American ones, for feeding 

stuffs of which there was no material difference. 

The types of fodders,  examined in India. . ,  have been 

described by him as of extremely low quality.  Nowhere, he ihels,  

do anltals have, t o exist  on such poor uate r l , ,  
'  • The l < o r ) £  ^ 

^ioSstiojj  
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digestion on such coarse fouders is  excessive and sore animals u/ould 

certainly expend more energy on digestion than could, be ult imately 

derived from the feed. 

The assumption is,  therefore, that in deference to these 

feeds, the animals* requirements have become lower and a higher 

digestive capacity has developed. 

In the particular respect of crude fibre has'  the Indian 

animal been claimed to possess a higher digestive capacity. To 

verify whether this capacity is  inherited and transiaLtted would 

seem to be of importante,  in Trinidad,where so much z ebu blood ^ 

predominates,  the importance lying in the relationship of this to 

the feeding standards at  present adopted. 

That the digestibil ity of a ration is affected by i ts  

Nutrit ive Ratio has been shown by ^rmsby (1928). I t  might then 

be deduced that addition of protein to their ration would in com­

parison influence the digestive capacity of animals on a lower 

plane of nutri tion, to a greater extent than that of animals,  

previously existing on a higher plane. However in the case of 

cross-bred or pure Zebu aniials,  bred in Trinidad and presumably 

maintained on a higher plane of nutrition than in India,  i t  is felt  

that response to a closer Nutritive Ratio would be 110 greater than 

in the case of any other local animals treated similarly. Indeed 

from the scanty evidence available,  as will  be seen, Trinidad zebus 

exhibit  no markedly higher digestive capacity, especially in 

respect of crude fibre,  than other local animals.  

In general i t  is felt  that the digestive capacity of 

Trinidad animals is  far more l ikely to be affected by the plane of 
• 

nutrit ion, upon which they have been kept and t-ic nutrit ive ratios,  

in whioh their feeds are combined, than by br^ed characterist ics.  

The animals '  digestive powers will  be at  their naiimum when the 

Nutrit ive Ratio of their ration is optimum, this point valying 

with the plane of nutri tion upon which the animals have been kept.  

• 1 I . D • 
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herbivora, these form a considerable protein. All these constituents 

of the faeces are waste products.  "Therefore", as Armsby states,  
material 

"while they do not represent undigested/it  is  entirely correct,  

from a practical standpoint,  to deduct them, along with the food 

which is  actually undigested, in determining the digestible nutrients 

which are of use to the animal.  These intestinal waste products 
a 

which are excreted in the faeces are/ part  of the cost of digesting 

the feed as they represen.t  the wear .and tear on the uigestive 

organs" .  

The largest error has been found to occur in calculating 

the digestibili ty of ether extract,  ash and cruue protein. 

(a) The Digestion of Ether Extract and Ash. 

These are often falsely represented by their coefficients 

of digestibili ty owing, in the f irst  case, to the fact,  as Morrison 

(1927) states that,  "fat is  usually present in feeding stuff3 in 

relatively small quantit ies,  and furthermore ether dissolves not 

only fat  but also such plant c mpounus ^s chlorophyll and waxes 

and such products in the faeces as bile residues'  .  

In the second case, he points out,  ash compounds are 

generally excreted in the faeces and therefore appear to be 

undigested though they may really,  have been digested, ausorbed and 

later excreted, after having b-en used in the body. Thus i t  follows 

shut in both cases great reliabili ty should not be placed In the 

digestion coefficients of these compounds. 

(b) The Digestion of cruue protein -  protein K qui vu lent.  

Woodman (1924) in a note on this pointed out ohuu the 

ordinary digestion coefficient did not give a strict ly accurate 

idea of the actual digestibil ity of the protein in a foodstuff ,  the 

figure obtained by the ordinary method representing a minimum 

value, due to the presence in uhe faeces of nitre ;enous products 

(partly protein and part ly non-protein) which are excreted into 

ohe alimentary canal and are not reabsorbed, he crit icised the 

method 
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method, outl ined by Pfeif.er,  for correcting this so-called 

apparent protein coefficient of a foodstuff ,  (by treating the faeces 

with an acid solution of pepsin to dissolve al l  the protein compounds, 

except the true undigested food protein) as not giving a true figure 

for the actual digestibil ity of protein, ->.s u nless coefficients 

obtained by the ordinary method were retained, no idea could be 

obtained as to the availabil ity of t  e protein in a foodstuff after 

ordinary digestion by ruminants.  

Both methods are now applied to both feed and faeces, 

however,  for the following reason. 

Be3i0.es t  e protein present in a feeding stuff uhare are 

present,  certain amino-compounds. ?or ,01:1.0ra 1  purposes t .  ese are 

classified under the heading of "amides", though actually they are 

not such. The values obtained for crude protein will  thus include 

these nitrogenous substances while t . iose for pur- protein Will  not.  

Macintosh (19^9) states,  "research 7<ork and practical 

experience indicate that amides have a value for ruminants equal to 

about half their weight of pure protein am the best -ensure of -he 

protein supply in a food is  therefore the ui ;estihle pure protein 

plus one-half the difference between the percentages of digestible 

crude and digestible pure protein1 ;  This f igure is  called the 

"Protein Equivalent" and is  in other words the difference} between 

digestible crude and digestible pure protein. 

(c) hotc on Eitrogen-Eree Extract.  

garth (1924) states that "the usu^.1 proceuures in food­

stuff analysis differentiates between crude protein, the residue 
% 

* Which ha3 uot been attacked by chemical treatment and the nitrogen-

free extract waich is  completely dissolved by chemical means. I t  is  

known that in some cases the chemically insoluble crude fibre i3 
mP 

digested with greater facil ity than i5 the readily soluule nitrogen-

free extract".  He therefore points out that ,  in such instances, 

the chemical procedure -has failed to differentiate clearly between 

digestible and indigestible constituents and he shows this:failure 

to 
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to be very marked with Indian foauors.  

Armsby (1928) also dra./S attention to this source of 

error and shows that nitrogen-free extract is  far froia being com­

posed exclusively of carbohydrates.  HQ further point^out the great 

differences which may occur in the case of roughage, between actual 

values and those obtained by the normal method of subtraction. 

( E )  LIVE-,/EIGHT AS A MEASURE OF IIUTRITIVE Ei'l  EOT AND THE VAIPE OH 

NITROGEN I^fLAECE DETERI .I i  idlTO 5. 

in a simple digestion experiment the only criterion of the 

success or failure of a feed is  i ts effect on l ive-weight,  in this 

way one would assume thab the feed maintained the t issue intregity 

of the animal, if ,  over a period, l ive-weight had remained constant.  

This assumption ho./ever leaves much to be desirec .  

Lander and Dharmuni (1925) point out that i ;  is quite 

inadequate to weigh an animal on the first  and last  day of a tr ial .  

Retention of fueco3 and excessive intake and output of water,  say 

entirely mask the true state o±' an animal 's weight.  Only by taking 

a full  daily record of l ive-weight,  did they f^el that i t  .as 

possible to 'obtain an approximately true metabolic picture. 

Armsby (1928) shows quite conclusively how misleading 

live-weight figures are,  as a measure of nutri tive effect.  He 

points out that if  the purpose of the investigation is to study 

some question relating to "the fundamental principles.of nutrit ion, 

changes of l ive-weight are of l i t t le value as indicator 3.  His 

reasons are similar to those outl ined by Lander and phanaani above 

and t  ie fact that from live-weight measurements alone, no knowledge 

can be obtained of the kind of material lost or gained. 

.as a measure of the nutrit ive effect of a food, ihe 9 

simple digestibility trial  thus gives only a l iulted amount of 

information. To determine fully the nutrit ive effect of a feod,.u 

more complete investigation is necessary, involving the use. of 

respiration or calorimeter apparatus,  with bhe atd of such one 

investigator 
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investigator is  able to record an exact balance oetween the energy 

con Gained in all  the constituent of the food eaten, and the energy 

given out not only in the faeces and urine but also in the f orn of 

gaseous and epiderj .nl excretions. 

It  has however obviously been quite impossible to apply 

such a laborious and expensive method of investigation to the vast 

numbers of feeding stuffs in use. ] ev er Gnele ss,  since tare is no 

excretion of gaseous nitrogen, a determination of the "nitrogen 

balance" requires simply a determination of the amounts of t-  is  

element contained in the feed and in the visible excreta,  fuis 

end is  part ially attained in a digestion experiirent and i t  is only 

necessary in addition, to proviue for the quantitative collection 

and analysis of the urine and in very accurate experiments of 

perspiration and epidermal excreta.  The nitrogen content of this 

last  i3,however ,comparatively very minute and in the absence of 

any accurate apparatus,  is  normally ignored. 

To determine the nitrogen balance of any animal,  on a 

certain ration, requires then l i t t le effort  in auGiition to that 

expended iia the execution of a digestibili ty trial .  The value of 

so-doing l ies in Ghe information which can be gained about the 

metabolism of the most important ingredient of feeding stuffs,  

namely protein. 

I ay nard (1957) s tates that,  "protein requirements whi.ch 

are used in most of the feeding standards at  the present time are 

based upon the results of feeding trials,  representing intakes, 

in rations, considered otherwise satisfactory which were found 

adequate for keeping the animals in good condition without loss in 

weight,  scientifically,  the maintenance of weight ana condition 

is no certain measure of the integrity of nitro< enous t issue, or 

of the minimum requirements for this purpose but the rations which 

pro-ve satisfactory for such maintenance, over extenued periods, 
an 

are considered to sup ply/amount of protein which is  ut least 

adequate".  

On consideration, i t  must be eviuent that the uuration 

of 
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of a digestibirity trial  could hardly be culled an "extended 

pariod" and during that time the nutrit ive ef.ect,  as indicated 

by maintenance of weight and condition, may oe easily .ashed. 

Lander and jjharmani (192b-8) point out that on a properly 

balanced ration the body ought not to have recourse to any pronounced 

util isation of i ts  tissues. therefore on a maintenance ration there 

should be a fairly accurate balance between the total nitrogen in 

the food and that contained in the urine and dung. They further 

showed that,  in trials dn coarse fodders,  while reference to the 
weight 

daily/curve indicated that weight had seen more or less maintained 

» :  

f and therefore on that evidence alone i t  weight he concluded that 

the animal was being maintained, the nitrogen balance was distinctly 

negative, in other tr ials i t  was shown that loss in body wei,  ht  

was accompanied by considerable negative balance in al l  casus. 

in the present experiment since i t  was desirable to discover 

whether the fodders in question, were balanced for maintenance, i t  

was decided after the f irst  tr ial ,  to collect the urine and heuee 

determine the nitrogen balances for as many animals as ossible.  

By so doing i t  was possible to have a check, as well a3 beco c less 

dependant,  upon body weight measurement,  i t  was further prompted 

by the poor facili t ies which existed for weighing the animals,  

this,  as a result ,  being only possible at  the beginning unu end of i each trial.  The value of adopting this plan was amply borne out 

by the results obtained. 

The most scarce and the most expensive food ingredient 

in the tropics and the one which at  the same time is  most essential I  

for maintenance of bodily vigour as well as for flesh and milk 

production is  the nitrogen-containing fraction of the ration, if  

this consti tuent is  to be ut il ised to best advantage the proteid 

requirements of catt le must be determined and their nitrogen 

economy studied. 

, ; i th this in mind workers in India considered i t  not only 

expedient to balaace the total nitrogen intake against output but 

also to investigate to some degree the nature of the nitrogenous 

output and the nitrogenous end-product3• 

7&rth 
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W&rth (1924) has pointed out that the most conspicuous 

and least known constituents of the group of nitrogenous end-

products were creatine and creatinine. 

He farther shows conclusively what when there is  a nitrogen 

deficiency in the food the animal systeri  exists a powerful effort  

to conserve body nitro en. his fact is  striUki^gly shown by the 
as 

total amount of nitrojen excreted /  well as by the form in which i t  

is  excreted. HQ quotes the following effect having been obtained 

at  pusa. 

Total daily . 
Excretion. 

j N E xcreted 
as 

(a) (b) 
Creatine urea 

& 
Great in-
ine 

Bullook receiving ample I .ratio'n.  

Same bullock receiving deficient N 
ration. 

12.6 g.  

5.9 g.  

14 

24 

25 

6 .4 

Further investigation along the above l ines would, i t  i3 felt ,  have 

been of great value in the present experiment,  however i t  would 

have been quite impossible to impose any further strain on the 

Che:lstry Department above the very heavy one they were already 

subjected to,  during the course of these trials.  

(F) hOTE Oh LloIhTh id Gh flt  IHhh fS OF ha lRY C-^ L'Lh II  TRI' . .  IL-oD. 

Shannon (1958) s tates that "the system which has been 

al  ost universally adopted in the feeding of dairy cows on a starch 

equivalent basis works out for maintenance at  6.0 lb.  of starch 

equivalent containing 0.6 lb.  protein for 1000 lb.  l ive-weight . . . . : '  

This stunuard is  approximately that ,  recommended by 

V/oodman (19a5) ,  for the maintenance requirement of dairy cows in 

Great ;„ritain. 

V/oodman r3 standards are however quoteu for unimrls whose 

weights are measured in cwts.  On the same scale,  therefore, for 

animals whose weights are measured per 100 lb.  the following would 

be 



be approximately the necessary requirements,  . .er day. 

TABLE 1.  1 uintenance ."requirements for Trinidad jairy puttie.  

LIVE- ./EIGHT DRY I ATTER S »L « F .E. 
(lb.)  (lb.)  (lb.)  (lb.)  

700 
£• 

17.5 4.5 0.45 
800 19.5 5.0 0.50 
900 20 .5 o.o 0 .55 

1000 22.0 6 .0 0 .60 
1100 2c.5 6 . 5  0.65 

The nitrogen balance method em be used to measure the actual 

protein requirementa by determining the lowest level of intake which 

will  give the maximum total retention, An attempt was made to 

apply the above to the few positive balances obtained in this 

experiment but the figures are variable and rather contrauictory. 

I t  i3 felt  that a much more detailed investigation, involving a 
of 

series/daily nitrogen balance determinations i3 necessary to obtain 

definite results. '  



PART II .  

DESCRIPTION OF fES DIGESTIBILITY TRIALS OF ilhE FODDERS EXuLTM). 

The digest ibili ty tr ials which will  be described in this 

section were planned to determine the digestibili ty of the five 

local fodders,  when fod to cattle.  

The experiment was conducted at  the Government Stock 

Far.. . ,  i t .  Joseph and lasted from; overaber 7th. 1939 t i l l  g-bruary 

19th. 1940. 

( A )  TL-iE FODDERS 1XA'E.'ED. . 

These were examined in the following order:-

Trial 1.  Bamboo Grass.  Paspulun fasciculatum. 

Trial £.  Para Gras3. Brachiaria mutica (stapf) .  

Trial 3.  Guinea Grass,  panicum maximum. 

Trial 4.  Guatemala Grass.  Tripsacum laxum. 

Trial 5.  Sweet Potato vines. Ipomea batatas.  

The order of t rial  was dependant upon the availability of each 

fonder in sufficient quantity.  

The Guatemala Grass was grown on the college Farm and the 

required amounts fetched daily.  This also was the case for ;ke 

Sweet Potato fines util ised during the preliminary period uefore 

the t rial  proper.  This was due to the fact that the supply at  the. 

Government Farm was inadequate to meet the necessary requirements 

for the complete tr ial,  ^part from the above the rest of the 

foaders were al l  grown on the Government Farm, where they are 

normally ut il ised to a greater or less extent.  The essentual 

features of a good perennial fodder crop en. be summarised as 

follows 

1.  Hase of propagation. 

3.  High productivity.  

3.  High nutri tive quality.  

4.  palatability.  

5.  Ability to overcome weed competition. 

6. 
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6. ability to with stand drought.  

In respect oi '  the above a note on each of the fodders 

examined is  given with reference to i ts value and importance in 

Trinidad. 

1.  Bamboo grass.  pasp»lum fasciculatum. 

This grass should not be confused with pan 1 cu m f  a s  ci cul a turn 

(Brown I i l let)  or Dendroculamus strutus,  a small bamboo with semi­

solid stems since both of these are at  times referred to by the 

above common name. 

Paspulum fasciculatum is a large extensively creeping 

perennial.  I t  is stoloniferous, very leafy and flowers rarely. 

\; idespread in Brisith Guiana and Trinidad, i t  is also 

found in the Windward islanus, I.iexico and parts of south .erica. 

I ts .iuturul habitat is  low ground, swamps and the 'corners 

of streams. In t l i is respect i t  should not be confused with "swamp" 

G-rass with which,in Trinidad, i t  often grows in association, in 

Trinidad i t  can be seen on roadsici.es,  near ditches and streams and 

is  a constituent of many rough grassland areas.  ns far as is known 

i t ' is  not cultivated, in Trinidad, to any extent.  Hot/ever,  where 

i t  occurs>it  is  cut or grazed and thus figures quite prominently 

as a fodder particularly for peasant cattle.  

Spreading rapidly i t  grows vigorously in a suitable 

environment.  I t  however hardens rapidly with age and has rather a 

high proportion of steqi to leaf.  Due to this last  i t  is probaoly 

relished least of all  the common fodder grasses in Trinidau, by 

stock. Experience in the present tr ials further indicated this 

contention. The animals under observation took much less readily 

to i t  than to the other fodders and on the whole when accustomed 

to i t  a3 a regular diet ,  eat less.  

I t  could hardly be called drought 'resistant but due to 

i ts  habitat often survives the dry season better than other grasses.  

On the Government Stock Farm i t  is to be found quite 
near 

©xtensively with several '  pure stands /  the St.  Joseph river p/here 
1M 
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i t  covers the ground with a dense mat.  I t  was from one of these 

blocks that the material for trial was obtained. The grass was a 

very even sample about two to three months old. At this stage, 

however,  i t  was beginning to show aistinct signs of hardness.  I t  

has not been thought to possess such a high nutrit ive value as 

the major fodder grasses usee, in Trinidad. The results,  just 

obtained, further indicated this to be the case. 

2.  Para Grass.  Brachiarla mutica (stapf) (Panioum barbinode).  

Para grass is  thought to be a native of south America and 

is  widespread throughout the West indies.  

In Trinidad i t  occurs as a cultivated foauer crop as 

will  as in rough grazings. A tenacious grower, i t  is stoloniferous 

and produces 3tout runners which reach a length of from 15-40 ft .  

The leaves are short rarely longer than 1 ft .  and about Id- inches 

wide. Para Grass will  under favourable conditions make a dense mass 

of herbage 5-4 f"c. high. 

Para Grass thrives best in humid conditions of soil  and 

climate, i ts  high nutrit ive value is  'well  recognised by dairy 

farriers for increasing milk yield and butter fax content.  In trials 

with cult ivated fouuer crops, conducted by Patterson (19ao and 

1938) i t  has been outstandingly successful.  I t  combiij .es most of 

the essential features of a good fodder crop and i ts high dry 

matter percentage is  an important attr ibute,  i t  can easily be 

propagated from runners.  

I t  has gowever several disadvantages. I t  is a serious 

weed of ax-able land. This is  mainly due to the practice of soiling 

as carried out in Triniuad and to improperly mane compest.  I t  is 

a common belief that the nodes of the grass can pass through cattle 

undigested. Patterson (1958) shows this is not so, in Triniuad. 

I t  also exhibits a tendency to flower frequently, this usually 

being accompanied by loss in herbage production and nutri tive 

quality,  finally i t  is unable to withstand prolonged dry seasons 

and under those conditions maintains a sparse and creeping habit .  

Due to i ts habit  i t  normally gives a complete smother of weed 

growth 
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growth. 

Tiie Para Grass used in thd present tr ials was obtained 

from several stands growing in association with other grasses in 

.  arious ar^as,  on a he Government Farm. While the grass was al l  at  

approximately rhe same stage of growth and quite pure, this was 

fel t  to be undesirable,  i t  was however unavoidable.  The ?rass was 

l ir t le more than two months old but vws in flower. About this 

t ine, December, many grasses in.  Trinidad, however,  usually flower. 

o.  Guinea Grass.  Panicum maximum. 

Guinea grass is  an important forage crop throughout the 

world at  low alt i tudes. I t  is believed to be a native of tropical 

Africa but f irst  achieved prominence il l  the vest indies,  i t  is 

found in south Africa and the African colonies where i t  thrives 

well .  I t  has a high reputation in Jamaica where i t  is  to be found 

extensively. 

Guinea Grass is  a long-lived perennial with short creeping 

rootstocks, single plants often making clumps, 4 f t .  in diameter.  

The roots are fibrous and form a network near the surface so that 

the grass is  a poor drought resi3ter.  ho leaves are about 1-5 f t .  

long, flat  and about l- l - . v  inches wide. fhe culms may reach a 

height of b-10 f t .  

Like para Grass,  Guinea Grass also tends to bloom fre­

quently, following which, the stems become hard and woody. A 

rapid grower and easily propagated by root divisions or seed, the 

grass shows a very mar mad tendency to form clumps, in I a l^/a,  this 

is overcome by cutting, splitt ing and removing about two-t irds of 

the stool every 2-b years.  in Jamaica i t  is grown as is  Para Grass,  

as permanent pasture where i t  has proved an excellent fodder,  

especially for fattening beef catt le.  I t  is palatable,  ives high 

yielu3 and resists weads well .  

In Trinidad i t  is widely used though i t  lias not such 

prominence as in Jamaica, patcerson (19m) shows what i t  is a 

relatively dry fodder and does not reco mend i t  for a eneral 

purpose soilage crop unuor local conditions. 

The 
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The grass used in the present trials was obtained under 

similar circumstances to the Para Grass,  previously lifintioned and 

warrants the same crit icism, i t  was approximately the sane age, 

also in flower, and the stems were beccmang haru. 

4.  GUu m 1- auos. Tripsacum laxum .  

Guatemala Grass is  a native of central America bw; has 

not until  quite recently become kno.wn as a rouuar crop, in the 

British ;jest inaies.  Grown to a limited extent in Cuba, Puerto 

Rico ana Mexico, as well as in main ana Ceylon, the grass is  

becoming increasingly prominent among cultivateu rociaer crops. 

I t  is  a large grass,  the leaves ranging rrom l£-3fe f t .  

in length and from ly-S^ in breadth. Then gromng thickly the 

grass . / i l l  make a dense mass of her.  age 4-5 f t .  high and if  allowed 

to continue, will  grow considerably higher.  

The root system is tough and f ibrous, penetrating deeply 

into the soil  and spreads well by means of rhizomes. The grass is  

thus an excellent drought resister,  maintains a high level of 

productivity throughout the year besides providing almost complete 

smother of weed growth,.  

uatemala Grass is  easily propagated by rout division 

from old stools and grows rapidly on most soil-types. 

in Trinidad Phtterson (1937) recorded the grass as having 

given the best results of the .. .a in fodder crops in the island. 

Yield of bulk wa3 good with fair  quality of forage and few cultural 

requirements were needed after the 83taolishment period, in 1939 

he ranks i t  highest as being the best general util i ty grass,  

although i t  did not give the highest yield of herbage or nutrient 

per acre in trial .  

Since 1938 however the grass has been subject to fungal 
if  

attack oy "Puccinia polyspora". This may,/  it  is spreads, cauoe 

marked decrease, in the yield of herbage. 

in the present trials,  the grass was obtained from the 

College Farm. I t  was an even sample but about four months old 

and consequently very coarse, i t  was also sl ightly infected with 

the 
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the rust fungus. .  .  

5.  Swoet Potato Tines. Ipomea batatas.  

Sweet Potato vines are a very userul fociuer l 'or catt le.  

They are extremely palatable to cattle,  very nutri tious ancl yielu 

about 8 tons of fouuer per acre.  They are also valuable in that 

they can be stored, while i t  is claimed by stome that palatabil i ty 

and nutrit ive value are not seriously affected by wilting. 

The iueal stage for cutting for catt le is  about four 

months old though this may obviously affect the yield of roots.  

I t  is however questionable whether the increased value of catt le 

feed thus obtained will  not outweigh any loss in crop. Normally 

they are fed after harvest but at  this stage the nutrit ive value 

will  be lower, as the stems rapidly become tough and the leaves 

drop off easily.  

in Trinidad they are used to a certain extent though the 

value of the crop in general has not received the recognition i t  

might,  ^part from human consumption both roots and vines can be 

fed to catt le.  As such, i t  is felt ,  i t  can be recommended to 

cattle owners,  particularly peasants,especially on consideration 

of the fcigh protein content of the vines. The growing of such a 

crop would seem v^ry desirable in the role of economic food 

production. 

in the present trials,  as stained,the vines fed during the'  

preliminary purt of the trial ./ere obtained from the College Farm. 

These were oluer and considerably tougher than those fed during 

the trial  proper.  , 'hese last  were obtained from the Governmexit 

Farm and were extremely succulent,  jeing about four months old. 

in the preceeding notes on the fodder grasses examined, 

no mention has been made of yield. Such a quantity is  obviously 

extremely variable as is  the quality of she grasses iid is dependant 

upon such factors as season, soil-types, cult ivation, .unuring and 

the age and height at  v/nich the grass is  cut.  

All the major fodder grasses in Trinidad possess dist inct 

qualities but,  i t  is felt ,  these can only be util ised to tneir 

best 
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bast advantage, by 3tock-feeders,  if  the .grasses most suited to 

the particular environment are grown and given the attention as a 

crop which they deserve. 

The composition and digestibili ty of grasses,  is  materially 

affected by the proportion of vegetative organs anu, in general,  

leaves and leafy species have a higher feeding value than chose 

containing a large proportion of stem. In general,  it  is felt  that 

the tendency,in Trinidad,is to feed grasses at  too old u stage, 

when the nutrit ive quality is  lowered. Earlier i .e.  in ,?rinidad 

at  about s ix to eight weeks old, and higher cutting roulu be 

advantageous. In this respect y/oodinan (1938) points out recent 

^anerican research which has proved that there is  present in grass,  

particularly quickly-growing grass,  some growth factor that passes 

over into the milk and increases very remarkably i ts  growth ^ro-

moting properties.  

Grass land management and improvement i t  is fel t  nave not 

received sufficient attention in Trinidad by stock-owners and «he 

importance of this problem to them cannot be too heavily stresses .  

n discussion of such problems, with reference to a comparison o-

the grasses examined with others,  vmuld however involve more space 

than is  warranted in this thesis.  Patterson (4936-7-8-9),  in a I  

series of papers,  to all  of which reference has been maue in com­

pil ing this section, has outlined these problems ana in experiments 

lias shown the effect of some of the above factors upon the yield 

•and quality of the main Trinidad fodder grasses.  

A table has been compiled (see ^ppenaix) in which,as far 

as is known,all  the complete analyses available for the main 

Trinidad fodder3 have been stated. This includes where determined 

by direct experiment,  their nutrit ive values. Reference t  this,  

will  indicate the range of variation which may occur in composition 

and consequently in nutrit ive value. 

The importance of mineral content inst be emphasised 

especially in respect of the associative effects of minerals upon 

the digestibil ity of feeding stuffs.  hile this aspect has not 

been overlooked, i t  has been omitted since time available aid not 

permit 
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perrr. i t  analysis or grasses,  I 'or these constituents,  or ft  discussion 

of the subject.  

(B) T; E EXPERI BNT.2L AND . .LS. 

ihkBLE 2.  Details of experimental Animals.  

To .or Initial  
Name of Cow. Age. weeks ' / /eight 

Yrs.  Fonths. tmrore Lb. 
calving 

Breeding ccC i 

1A.TBRBANI 5 

13 • CKERIAH 10 

8 

2. No.8 

0^. Sf J SY 

00 

8 

33 .BLACKXS 4 

4.  NELLIE 1 

1022 pure ^ebu.TJseu in Trials 
1 & 2 . 

901 Pure zebu.Usecl in tr ials 
i ,4 i  5. Not in calf,  q.s 
woulu not hold to service. 

760 Pure gahiwal strain ii . .port-fl  
ed froii  India.In second 
calf .  

762 cross-bred .zebu x .  o lstein. 
Purchased.jkuet brooding 
u n k n o w n . u s e d  T r i a l s  1 x 2 .  

976 I Half-bred .Pure . .olstein 
Bull x Pure zebu cow. used I  
in Trials 3,4 & a.  

723 j pure sussex.Not in calf.  

N.3, . \ . l l  details are given for animals,  as from uate of their 
introduction into experiment.  

Since the util i ty of any results obtaineu would be 

primarily concerned in the calculation of rations for dairy cattle,  

the dairy animal woulu seem to be the >.ost desirable for experimental 

purposes. There are ,however,several disadvantageous to this course 

of action. 

The uairy cow in general anu particularly in the case of 

the _,ebu is  a nervous anu restless animal,  especially when subjected 

to changes In conditions and treatment# steers are more adaptable 

anu less temperamental and that is  one reason why they are more 

often chosen for experimental purpose. i  ever the less al l  uni. .als 

are subject to such influence, . jay sort  of excitement is  lively to 

entail  increased util isation of nervous as well as muscular e.  „ r  y 

And 
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and will  naturally tenu to affect the iiaintenance re quire: an t ,  by 

correspondin iy increased lood consumption. If  true uainre-.ance 

requirements are then to be determined the animal should be as 

nearly at  rest in evary respect,  as _ s idle .  

Alternatively i t  may be argued that if  experimental con­

dit ions are to approximate as closely as possible to normal ones ,  

an animal should expend some energy, over and above chat normally 

uti l ised during a digestion experiment.  '  /hile such my be admitted 

the obvious difficulty arises in assessing, in any way, suci.  a 

quantity of energy. 

Lander (1936) however describes trials with uairy cows in 

which some daily exercise was ; iven for above reasons and to prevent 

any stiffness occurring in the animals* joints,  uue to being kept 

in confined conditions, over a period. Jhile this last  difficulty 

was encountered by Hobbs (1950) i t  did not occur in those trials,  

conducted by I aule (1936) or in the present case. If  exercise were 

to be given, the difficulty would also arise of guaranteeing proper 

collection of faeces and urine, without harness.  

The use of harness,  as described by Lancer (1936) for a 

dairy cow, is  obviously more complicated than for a 3toer,  especially 

if  urine is  to be |£spt separate from faeces. In addition ohc cow 

is  bound to become very upset by this and considerable t i te would 

be wasted in gett ing the animal accustomed to the harness.  

In the present case the methods employed and animals used 

wore largely dependant upon circumstances. Neither s teers nor 

harness were available and the animals had to be selected from dry 

cows, in t ie dairy herd. The choice among tnose animals available,  

was further limited by their temperament since quiet and easily 

handled cows were the primary consideration. In one respect mm 

was fortunate as i t  would have been quite impossible,  as decided 
the 

after Trial 1,  to collect urine satisfactori ly witi^/li  ii i tsd»ecuip- -

mant available,  had stmrs bean used. 

The animals selected, however,  soon sett led down to 

experimental conditions and except lor occasional lapses on jhe 

part  
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part of the two cross-breds aid the Sussex proved quite adaptable.  

In general i t  is desirable to obtain as uniform a lot of 

animals as possible as regards a ;e,  s ize and especially the plunaL 

of nutri tion upon which they have been kept.  Except as regards the 

plan#,of nutri tion upon which they had previously been kept,  the 

animals selected might in the above respects be crit icised. Their 

selection from those animals available,  was due to the decision to 

include one representative of each of the four main breeds kept on 

the Government Stoc.« Farm. While i t  was not implied that any one 

animal was truly representative of i ts  breed, i t  was fel t  that if  

any marked difference in digestive capacity due to breed, was present 

i t  might be exhibited. 

iirmsby (1928) and Kellner (1926), however,  point out 

that:-

1.  "Different breeds of the same species of animal possess an equal 

digestive power". 

2.  "Between individual members of the same breed small variat ions, 

usually traceable to some slight physical weakness on the part  

of the animal,  may occasionally be noted where differ­

ences are not due to serious disease of tne stomach or intestine 

the percentage error seldom exceeds b-4 % o f the ingested 

organic matter" .  

5.  "The age of the animal does not influence the digestibili ty of 

the food". 

4. "Alterations in the condit ions under which the uninals are 

placed are also without influence upon the digestibili ty of the 

food, provided violent excitement or disturbance of health are 

avoided" .  

nance, as I.aule (1930) states,  "one may conclude that the 

variabili ty between two animals in regard to breed age and size, 

should not,  provided all  are healthy, thriving beasts,  have any 

unfavourable effect upon the accuracy of the results.  

I t  is felt  that "the age of the animal may not influence 

the digestibility of the food provided only that the animal is  

mature. 
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mature. in this respect the Sussex heifer,  eighteen months old, 

is  subject to crit icism, she was however stated to be full  grown. 

... Her digestion coefficients were to a certain extent lower 

than average ,particularly in the case, of Guinea Grass.  This,how­

ever,might partly be explained by the fact that during that tr ial  

she came on heat and was thus naturally subject to some nervous 

stress.  Fortunately her other heat periods did not coinciae with 

any other tr ial .  The cow Blaokie No. 5B also came on heat after 

the f inish of the Para Grass srial  (no.2) and was serveu. 

This difficulty further emphasises the unsui^ability of + 
a 

using dairy cows, in/digestion experiment.  They obviously cannot 

be used when in milk and if  dry they may cone on hbat,  as in the 

*-bove two cases.  If  in calf,  the animal metabolism will  be affected 

to an increasing extent with the growth of the foetus and this 

condition i t  is felt  ^s obviously unum si  ruble,  if  therefor- nuiry 

cows are to be used i t  would" se^ti  desirable that they should be 
CSfsij  - i i  

used only in the early stages of pregnailcy"; 

I 'aule (1930) encountered dif : iculty in ;his rmm .^t,  one 

of his animals calving during\tjr ;U(l .  Before selecting the animals,  

in the present expemaat,  this point was noted. ifnf or tuna tely a 
i i  

mistake was made in checking their dates of servide anu two animals,  

Terbuni (NO .Hi) and susy (i ;o.2)) had to be replaced after the para 
\i 

Grass tr ial  (Ko.2),  signs of approaching calcing becoming evident 

after i t  had started. 

The results obtained with such animals i t  is fel t  should 

be taken with reserve, in particular in tie case oi uhe nitrogen 

balance obtained for the cow Tarbani (No.1.x) during the para Grass 

Trial (No .2 ) .  

|hose also obtained by Llaule (1930), i t  is  felt ,  are 

subject to the same cri t icism since all  animals used by . . im were 

in the last  half of their gestation period, at  the start  of^is 

experi exit .  
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(C) T •, I I- .  ,31'IC SI^LLS. 

These were not in the true sense digestion stalls but 

instead consisted simply of four ordinary loose-boxes with concrete 

floors and wooden partit ions, 5 f t .  high, between each stall .  In 

the r ight hand corner of each was u 3tone . .an,;or 2-a  ft .  x 1-g- f t .  

and 2, f t .  high, .aiimals were normally kept in the loose boxes by 

these woouen bars,  f iuting into slots.  The original measure ents 

of the boxes jarc 12 f t .  long x 7 f  t .  wide. 

_or experimental purposes stal ls were adapted frora the 

loose boxes, as follows:- . .  bamboo uprig. t  (X) was secured to the 

cross beam of the roof and to the f loor,  by Leans of a cross-piece 

(Y) • This was f ixed to the wooden partit ion on the right hand side 

of the loose-box. A bamboo pole (Z),  "the length of the stall  wu3 

then secured at  one end, to the top of the stone manger,  2.^ f t .  

"high and at  the other to the bamboo upri^at (x) > a t  the sum- height.  

On the f irst  day wooden tubs were used for feeding. 

These were soon dispensed with, as the animals threa considel-able 

portion of their fodder onto ti .e ground, during feeding. Using these 

i t  would have bean impossible to i,iake accurate measurements of i  ood 

consumed. For this purpose wooden mangers were then constructed 

from the end of the stone ones to the opposite side of the 3tall ,  

using the concrete floor as a bottom. These mangers were then 

4 . 5  ft .  wide x 1. f t .  long and were made lg-2 f t .  high. /or the 

cow alackle (3B) , the height of this manger hau to be raised to 

about 2- ft .  and a curved notch made, to allow her to reach the 

bottom. This was necessary to curb her tendency to put her fore­

legs inside the j. . .anger.  
nhe construction of these mangers was satisfactory. 

They would hold a large quantity of fouder ana due to -.heir size,  

i t  was possible for a boy to get i^siae and collect completely any 

uneaten fouder,  using a small hand-brush.- in addition the animals 

could reach the fodder easily but to do so had to bend forward and 

downward and consequently the amount previously thro.ni out from 

the woouen tubs was not loso. 

The 
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The aniiuuls were t ied at the head to the partit ion on the 

1 ei t-nand side unci to the i notion of "the bamboo pole (z) and the 

si/one manner,  04 the r ight.  The posit ion of this bamboo pole (, ,)  

permitted them, en ough movement to l ie down but not to turn round. 

The bars at  the end of the stalls were rei. loved. 

The ani.  als were iven water in the round woouen tubs, 

previously . entioned which were placed at  the right hand end of the 

constructed manger,  partly under the bamboo pole (z).  The faeces 

oins and urine bott les were placed in the alley between the pole 

(Z) and the right hand parti t ion of the sd>il.  This alley was 

useful in that i t  ave easy access for feeding and reaching the 

constructed manger without unduly disturbing the animal.  Reference 

to the diagram and pictures included will  clarify the above 

description. 

; o bedding was at  any time used on the f loor since, in an 

experiment of this nature, i t  is clearly impossible to do so. 

During the preliminary period of tr ial  the animals and stalls were 

washed down daily.  During the t rial  proper this was not done since 

with the collection of urine from some animals and al l  faece3, 

the floor and animals remained clean. Before this begun the stalls 

animals and equipment were all  cleaned with especial care and the 

floor during that period was constantly kept clear of dust or any 

contamination, in event of faeces dropping on i t .  In the case of 

those aniJtals from which i t  was impossiule to collect urine the 

stall  f loors ,after urniation ,were immediately swilled and swept 

o u t .  

Tt was necessary for an electric l ight to be installed, 

to enable the collection of faeces and urine, by t ie night 

attendants.  



( D )  R^TX.OD OF FEDDH'G. 

Armsby (1928) states that 1-2 weeks preliminary period 

unci 7-10 more days actual tr ial  are required, in the case of 

ruminants,  in order in the f irst  place to get the animal accustomed 

to a fixed daily ration and clear i ts  intestines of all  other 

excreta and, in the second place, to collect faeces over u period, 

Ion , en ough to eliminate uaily variations in the faeces. 

I t  was only possible to have preliminary and experimental 

periods of 8 days duration each in the tr ials conducted by Maule 

(1950). He however su ;  ests a longer preliminary period to overcome 

fluctuations in daily amount consumed caused by change in rat ion. 

In the present experiment i t  was therefore deciuec that ^rials 

shoulci consist  of a preliminary and experimental period, each last­

ing 10 days. In the case of Trial 5 -  swt-et Potato vines -  i t  was 

only possible to have a preliminary periou of 7 days uuration, due 

to the necessity for the tr ial  to coinciue with the sweet Potato 

harvest on the college, in tjais case ho.aver there was no difficulty 

in gett ing the animals accustomed to their new diet ,  as they cook 

reauily to the vines. Fluctuations in amounts consumed uaily 

naturally occurred more markedly during all  preliidnury periods, 

in every case average daily consumption per head was gisatei during 

experimental periods, when the animals had Decoice more ac customs a 

to the particular fodder.  

The animals were aloays perrnit ted to sat as much as fcney 

desired. To ensure this 100 lb.  of fodder was fed daily during the '  

f irst  four tr ials and 75 lb.  daily of sweet rotato Vines in the 

fif th trial  to e, .ch. in no case did the animals show any inclinat­

ion to consume as much. 

The daily ration was feu on three feeds of 55 lb. ,  25 Is.  

and 40 lb.  fed respectively at  6.0 a.m.,  1.0 p.m. anu u .0 p.m. 

in the case of the sweet Potato Vines these amounts were reduced 

to 25 lb. ,  20 lb.  and 50 lb.  respectively. Every evening and 

morning before feeding, the residue from one previous days _esd 

wa3 collected and the weight deducted, to ascertain the actual 

, • amount 
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amount consumed by each cow. 

The fodder wa3 cut-fresh daily and Hag usually brought 

in about 10-11 a.m. i t  was kept under cover and not chaffed up all  

at  once, to prevent wilt ing as much a s possible.  The 6 a.m. f^ed 

and 1 p.m. feeds were chaffed at  6 a.m. and the 6 p.m. feed just 

before feeding. 

Chaix ing was essential if  representative sample s  were to 

be fed and obtained for analysis.  To facilitate this,  a hand 

chaffing machina was placed on the concrete,  besides the stal ls,  

^round i ts base, as can be seen from the photograph, woouen siues 

were buil t ,  using the floor as a bottom. Into this the fodder fell  

on chaffing and by keeping the floor clean, the fodder could be 

well  nix»d, without contamination before faedipg and sampling. 

I t  must be stated, that a cake of rock-salt  . .as put in 

each animl's manger.  The writer was uncertain whether theoro oically 

this aduit ion to the animal* s  .fottder should have been made. The 

animals however normally had access to this and when i t  was at  

f irst  lacking, showed si  ns of their want,  by licming the stone 

mangers also the whitewash. This habit  ceased when rock-salt  was 

given. 
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( E )  I.DTIIOD OF SAiPLING- T: fi FODDER. 

Tliis was clone daily except in the last  morning or each 

trial .  Two representative samples,  A ana B, were taken from the 

bulk of each day's focicier,  airectiy after being chaffeu anu mixea 

at  6.0 a.m. and before weighing out quantifies for the f irst  two 

feeds. the samples were removed in air-tight jars of about 1 lb. 

weight,  to the Chemistry De artment.  I t  is  felt  that this might be 

crit icised on the ground that the samples did not include any of 

the fodder,  fed during the evening feed. I t  was however felt  to be 

desirable that the samples should be removed, as fresh as possible,  

in the morning, to the Chemistry Department,  if  samples had to be 

taken from all  one day's fodder supply, this would have entailed 

chaffing the lot at  6.0 p.m. This would have taken a considerable 

time and the samples would have had to remain in that condition t i l l  

next morning. I t  was also noted during preliminary periods, ohat 

animals did not take nearly so readily to fodder which had remained 

chaffed for some t ime and had wilted slightly. 

One difficulty arises out of a consideration of ode fodder 

for analysis,  namely the cows selection of i t  when fed. The repre­

sentative samples contain stem and leaf of the fodder in correct 

proportion. Jhen however the cow receives i ts portion, i t  will  

pick over the whole lot ,  eating all  the leaf and succlent portions 

first  and .( i l l  only go on to the stems, if 'sti l l  unsatisfied. The 

ideal would seem to be to feed a quantity of fodder,  such that uouh 

stwm and leaf will  be eaten, if  the animal is  to be satisiiuti .  

Such a quantity is  obviously very variable and in certain oases the 

animal may prefer to go unsatisfied rather than eat the huru stem. 

Such a difficulty should not however arise in fodder out correctly,  

at  a young succ-ent stage. I t  occurred to a certain extent however 

with the Bamboo, Guinea and Guatemala grasses^ during this experi­

ment,  part icularly in the case of -he four months old Guatemala 

Grass.  There was a large proportion of tough stem at the base, 

also some dead leaves, al l  this material was removed before chaff­

ing since i t  was regularly refused by the -ni -Is during the 

preliminary 



preliminary peric . if this material had ocen included in samples 

for analysis, the discrepancy between that sampled ana that eaten 

might have been quite considerable, The sa.pl® analysed might thus 

be considered as not being truly representative of the grass at 

that stage of cutting. This is admitted, also the fact that the 

dead material would probably not have been removed in practice, 

in practice, however, it is felt the grass ought never to be fed 

.so old. This removal of dead material is probably responsible for 

the relatively high values obtained for the four months old 

Guatemala Grass, on consideration of its ago and ooudition. 

] oisture determinations were done on the fodaer samples 

by the Chemistry Department, the saia morning. After this, she 

remainders of ouch of the two samples, .a ana 33 were kept separate 

and oven dried. At the end of each 10 days, all the n. samples and 

all the B samples were bulked into two composite .... ana b lots and 

reserved for analysis. 

On Sundays all samples, fodder and faeces had to be 

stored for 24 hours till the following ronday morning. Thi3 was 

to be regretted but was unavoiuable. 
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(F) : - R: C P OF COLLECTIOI-T .JRO SI PLU G T, J r.  JCTS. 

The method of collecting the total bulk of faeces, voided 

by each aniiml, which was adopted was that i t  loyed by aule (I9o0) .  

This entails the i  mediate collection of the faeces, as they are 

voided, by .  eons of a sroa.ll  bucket,  and their transferrance to a 

bin, of sufficient capacity to hold a day's collection, and sufficient! 

-ly airt ight to avoid more than the mini.um moisture losses.  The 

bins used by I.!aule were however not to be found so four f ive-gallon 

paint arums were ootained. These were quite satisfactory. ?hey 

would hold a day's collect ion and the l ids were equipped with rubber 

washers,  f i t t ing on the rims of the dru —s a nd kept down by spring 

catches. These drums were f irst  cleaned by burn! ig out the paint 

and scrubbing before use. These drums were also rinsed out each 

day after weighing and sampling the faeces. I 

This ma thod calls for constant attendance upon, and 

observation of,  the animals and in consec enco, une careiul 

organisation of the labour employed. I au le (lv30) 3ta-es that ,  

"the disadvantages are that i t  is impossible .vith a small s taff to 

collect al l  faeces as voided and proportion will  unavoidably fall  

on the ground and possibly become contaminated or escape collection. 

I ts merit  is  that the cows need not be trained in mie wearing oi 

any elaborate harness,  the conditions thus more nearly representing 

ordinary farm conditions, and, in the case 01 co..3,  i  t, is  easier 
than 

to collect the faeces in this way/by one nurness method". 

in the present experiment the eb thod was found jo ae 

quite satisfactory. fhe s ize of imule's staff is  uncertain but 

during the present experiment,  as stated, two attendants wore 

present,  night and day. The writer has no hesitation in saying 

that the bulk of faeces lost throughout the whole experiment was 

infinitesimal and claims as good a collect ion this mAs by the 

use of harness.  
Even if ,  as liaule states,  some did fall  to one ground, 

the quantity lost in this case was very negligible since the 

at tendants were" never averse to using their hands for scraping, 

if  
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if  necessary to. avoid any faeces escaping collection, in this way 

also, i t  is felt  ohat the loss would be no greater than that occurr 

ing when the 3heet typo of harness is  used and th8 faeces have 

sometimes to be scraped down the sheot ,  into the container,  in 

addition, as already outlined, the concrete floor was always wept 

clean and consequently, in event of faeces falling, contamination 

avoided. 

This method of collection though obviously expensive in 

labour,  becomes increasingly simple, as the experiient prog re.  as.  

The attendants soon noted the fairly regular intervals at  which the 

animals defaecated and urinated and the char cteristic preliminary 

movements of each individual before so doing. 

If  however any appreciable proportion of the facets 

escapes collection, the accuracy of the results will  ee seriously 

impaired. If  this was the case in I 'aule's experiment,  as his 

ramatks might be taken to indicate,  his results are obviou_>l,y .  ai„ 

open to crit icism. 

The object of collecting the faeces over a period of days 

is  to obtain a representative sample from the total amount coilacL-

eil .  The usual method Is to retain each (lay's collection and by a 

process of preservation prevent the rapid fermentative and putre­

factive changes which would normally occur during storage, result-

lag in .alterat ion in the composition of the faeces. 

This preservation of the total bulk of faeces from each 

animal would have been extremely difficult  under the conditions of 

this experiment as,  in addition to the use or some preservative, 

i t  would be necessary to keep the faeces in cold storage or al ter­

natively to dry i t  down rapidly, to prevent decomposition. 

in the present trials it  was impossible to deal with t^he 

faeces in bulk in this way and the method adopted, as by !  rule V 

(1930), to Obtain a representative sample in normal condition was, 

at  the end or 24 hours,  after weighing and thorough mixing ,to 

take two samples of the daily faeces of each" a nimal.  The two -

samples U  dnd B) ,  each of about 1 lb. ,  were taken in air-t ight 

bottles ana after the moisture content had been determined oy the 

Chemistry 
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Chemistry Department,  tl iwy \.-*re oven uried for chemical analysis.  

At ti ie end ox' the experimental period, as with the fouder samples,  

all  the A sub sample s  of each animal . .ore thoroughly mixed and ground 

up and a single representative sample taken, the B subsamples being 

treated similarly. 

During Trials 1 and 2 the fresh faeces were preserved with 

Toluene, a small quantity being sprinkled on each separate amount 

voided, after transfer to the bin. The supply of toluene under the 

present conditions, was however cut short and as an alternative 

Formalin.Was used. This preservative ha3 been shown to be satis­

factory in such circumstances, by French,R.B. (1950). 

By this method Uaulo (1950), states,  "i t  was consi ored 

that:-

(1) The moisture content of the daily subsamples would be accurately 

determined, the average of the 8 subsamples not having an enoi 

of more than 1 %. 

(2) Decomposi t ion would be prevented.  

(3) The f inal mixed ^ and B samples for chemical analysis would 

represent as fairly as was possible the total bulk of faeces, 

bearing in mind the great difficulty which would have been 

experienced in preserving and sampling the total bulk oi dung 

from each animal for each trial  period. 

The suiter,  however,  fel t  that there might uu some loss 

of nitrogen during the oven-dry i nS fOf^the^faeces. A comparison was 

therefore made between nitrogen contents/individual samples when 

fresh and after being oven-aried. 

The difference was found to be very negligible indeed and j  

in car tain oases,  the nitrogen values obtained for the oven-dried 

material were aLightly higher than those for the fresh material .  

This,  i t  was felt ,  was due to the difficulty entailed in getting 

a truly representative sample, of the very small s ize necessary 

for a nitrogen determination, from such a heterogeneous mass as 

the fresh faeces. 



( G )  I  AT- OP OF COLl^GTIO; ,vr£D AJ.I- L I J.G- i f f  

The desirabili ty of determining the nitrogen balance 

for each animal has already been outlined. After Trial 1,  i t  was 

therefore decided to make an attempt at  urine collection in the 

same manner,  as employed for the faeces and separate small buckets 

were obtained for thi3 purpose. 

The at tempt was not entirely successful.  I t  was never 

possible to :.-ake a collection from all  the cows, collection from, 

the Sussex heifer.  .  Nellie No 4 was ale/ays impossible,  due to 

quite frequent urination when lying down^while collection from the 

cow susy No bl proved so troublesome that the attempt was abandoned. 

From all  other animals i t  was possible to make a very satisfactory 

collection, throughout each tr ial  and as with the iaeces, collection 

soon becarnB comparatively simple. 

After collection, the urine was immediately weighed and 

the weight recorded. A portion was then put into a Winchester quart 

bottle with the addition oi '  some Formalin, one of these oott les 

was allotted to each animal,  from which collect ion was being made. 

A t  6.0 a.m. each day, the contents of these bottles were well  

shaken and two samples removed from each in tess tubes. These 

were taken to the Chemistry Department where nitrogen contents were 

determined that day. 

( )  DAILY ROffl .  t  DtHI G IS ml m-fl I - A ^G QdP S * 

Two^dav-attendants arrive, sufficient 
6.0 a.m. i W  '  J  

fouder chaffed up for this food and the 

n e x t  ,- ixed thorou^ly una sampled, loth 

feeds weighed and bagged for each aninal .  

Fouuer,  uaea -sn by each aniial,  wei led. 

15 lb.  focluer (io lb.  Svmet Potato Vines) 

fed. "later-tubs, emptied, cleaned oma 

refil led* faeces wai ;hed and sampled. 

I irine sampled. 
Rins 
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Bins, buckets and bottles washed and 

drained. 

Floors swept.  

Two^day-attendants then take over collection 

from night ones. All samples,  faeces, 

urine and fodder removed,toy writer,  to 

Chemistry Depai hment.  

10.0 a.m.- 10.0 q.m. Fresh days supply of fodder brought in.  

xiept under cover.  

1.-  p.m. Kid-day ration (chaffeu, weighed and bagged 

at  6.0 a.m.) fed, 25 lb.  fonder (20 lb.  

Sweet potato fines) .  

8.0 p.ra.  -  6.0 p.m. Two-night attendants arrive. 

Chaff,  bag and weigh 40 lb.  fonder (10 lb.  . 

Sweet Potato Vines).  

Fodder uneaten by each animal,  during day. 

Weighed. 

Above amount fed. 

Water-tubs, emptied, cleance and refil led. 

Stalls swept d own. 

Two-night attendants then relieve day ones. 

This routine was adhered to as closely as possiuxj,  .. rou ^ a l l  

experimental periods and is  detailed to clarify any points which 

may not be fuxly unuerstood from previous descriptions. 

I t  was arranged, as far as possible,  uuao one bulk oho 

work should always be done when all  four attendants were present -

i .e.  at  6.0 a.m. am 6.0 p.m. This always ensured adequate 

attention to the experimental animals.  

During prel iminary periods only one attendant was employed. 
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(I) , I. G T- xC ,.J II AL3. 

Since no scale wus available ,  at  tl ie Govern; .ant Furm, i t  

was necessary to send all  animals up to the College i in a  special 

cart ,used for that purpose. 

The inadequacy of l ive weight as a measure of nutrit ive 

effect ha3 been pointed out and- this method of weighing while 

unavoidable,  obviously leaves much to be desired ,for experimental 

purpose 3.  

The weights of al l  animals ware taxen at  the beginning 

and end of each trial  and when possible on the last  day of each 

preliminary period, before the experimantal period began. In 

Trials b and 4 the occurrence of public Holidays prevented this 

last  weight being taken, on consideration of the above points,  

i t  wa3 uecidud to oegin the experi.  cntal periods, as planned, 

rather than prolong the preliminary periods t il l  weights could be 

taken. 

( j)  o; i  iCxxL „; .^L":si5. 

in each tr ial  both fodder and faeces samples were analysed 

for the following constituents:-

Total Jiy ratter.  

Total organic Fatter.  

Total ^sh. 

Silica-free ^sh. 

Crude protein, 

pure protein. 

Ether Extract .  

Crude Fibre .  

i t r o g e n-Free compounds (by difference).  

11 oisture determinations and al l  nitrogen determinations 

including those for the dally espies of urine were Bad. by the 

staff of the Chemistry Department. The remaining analyses were 
carried 
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carried out by th. .  writer.  

A note on the analytical methods employed in the quanti­

tative determination or t: .o above constituents,  is  appended. 

All sample s  were ipven-dried for twenty-four hours t i l l  

weight became constant,  before analysis.  Analyses . .era al  <a\ s  

made on duplicate samples.  

Estimation of u3li.  

This \ .as done by t  e method normally employed in the 

Chemistry Department 

Sstix-ation of pi l ieu. 

After completing the estimation ef the ash content of 

the sample, the ash was washed from the crucible into a small 

beaker by means of dilute Hd, completing the transference witl  

the help of a fine jet  of hot . .uter,  iron a wash bott le.  T--is 

was then brought to a gentle boil  for 2 minutes and then f il tered 

through a small ashless f i l ter paper,  washed thoroughly with hot 

water and dried in a steam oven. The f il ter paper plus sil ica was 

then put back in the crucible and the procedure as for the estimat 

ion of ash repeated. 

Estimation of Crude protein. 
This involved the estimation of nitrogen content by the 

jaldahl method. To determine percentage of protein, the percent­

age nitrogen is multiplied by 0.15. 

Est imat ion of  iure  Protein.  

The DBthod adopted by the Association of Official 

Agricultural chemists<193S) involves the precipitation of the 

proteins by Stu t te r ' s  reagent.  While i ts  use was desirable,  the 

writer however had no exper ience  of this complicated mthod. in 

addition the time, available was rather l itdted. since however i t  

• w, n r t o q i b i9  to determine values for the content of was desired, if  possible,  
following less accurate but more rapid method pure Protein, xhe  I  allowing 

v/as 
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'" a s  adopted. This method was one outlined by y/oodman for the use 

oi students in a course of practical Chemistry of Foods, during 

which i t  was used by the writer.  

The procedure is  outlined as follows:-

1.5 grams of sample was placed in a 500 cc.  beaker and 80 cc. of 

disti l led water added, the content being stirred with a glass rod 

and brought to a , en t ie boil .  25 cc. of a solution of copper 

Sulphate (containing 60 grams CusO^.SH .0 per l i tre) were then 

added and the whole brought to a ,_;ontle boil  again, with continuous 

stirring. 25 cc.  sodium hydroxide solution (containing 12.5 grams 

N&0E per l i tre) were then added and the process repeated. Farther 

heating was then discontinued and the contents of the beouter 

alio wed to sett le and fil tered whilst  hot,  through a folded fil ter 

paper of about 5 inches diameter.  After the precipitate had been 

washed completely onto the fil ter paper,  washing was continued with 

boiling water until  the f i l trate was free from sulphate.  The 

precipitate was allowed to drain completely and the fi l ter paper 

and precipitate were then placed in a steam oven to dry. .men 

dry,the nitro gen content was determined by the ordinary Kjeluanl 

method and the percentage Pure protein calculated by multiplying 

the percentage nitrogen by 6.25. The fi l ter papers used, ware 

checked f  r  possible nitrogen content.  

B3timation of ISther Ext ra ct .  

Percentage Ether Extract was determined by extraction 

with the soxhlet apparatus.  

Estimation of Crude Fibre. 
The method employed ror the determination or cruue Fibre 

content  was the Bri t ish Official method (19»8). 

With r.suing stuns containing 2 percent,  or more of 

oil ,  i t  is  usual in accurate worm, to extract the oil  before 

proceeding to the fibre determination, i .e.  to use the residue 

left  in the cartridge alter the soxhlet extraction. In the pre-

sent case however,  this precaution was omitted, the percentage of 

of oil  being very minute. 
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(- ) CALCULATION OF RESULTS. 

From the analyses obtained una the total quantit ies of 

fodder consumed and faeces voided, the cons nption and excretion 

of each nutrient during the t rial  period was calculated, and the 

difference between these, taken to be the amount digested. This 

expressed as a percentage of the amount consumed is  termed the 

"Digestion Coefficient" .  Thi3 figure is  calculuteu on a dry 

matter basis since fodder and faeces have varying moisture contents 

Applying the digestion coefficient determined for each 

nutrient to the amount of i t  contained in the fresh fodder,  the 

percentage digestibili ty is obtained. 

From tne percentages of digestible nutrients the starch 

Equivalent for each foduer has.  cm an calculated by the mrthod out­

lined by K- l iner (1926) i .e.  usin.j  his "production value" for each 

nutrient and making the appropriate correction as specified for 

coarse fouders.  

In addition, as previously explained, (see Part I ,  section 

A), the starch Equivalent values have all  been increased by one-

'  f if th.  

In this thesis the amounts of uigestible crude protein 

rotein and the pro.tein Equivalents for each foucier have been 

stated. This last  value, as has b en pointed out,  is  the differ­

ence between the percentages o± crude anci pure prooo in.  i l i is 

difference in the case of fodders is ,  as can be seen, normally 

very small .  Only in one case, namely Guinea Grass was the differ­

ence very marked, this difference being further emphasised by 

the relatively small crude and pure protein contents of the grass.  

The Buor i t ive  Ratio'  for each fouuer has also oeen quoted. 

This '  f igure is  caluclated by means of the following expression:-

-r n.  -  ( - '  aim t  o i l  x  2 .6)  + A d ig > curb ol .yur  a te  + u i^xibre  
• dm — a ig:  protein 

Since the Nutr i t ive Ratio  defines  the balance of  a food 

or  ra t ion,  the sui tabi l i ty  of  a  given diet  for  any specif ic  purpose 

may be checked  by calcu la t ing  i t s  nutr i t ive ratio,  since i t  i s  

customary 
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customary to define requirements in terms of Starch Equivalent anu 

digestible crude, protein or protein Equivalent,  the conception of 

Nutrit ive Ratio is  superfluous, rations designed to supply the 

correct amounts of starch Equivalent and protein being automatically 

balanced. In addition while the Nutritive Ratio calculated for 

each fonder,  by use of the above expression, remains unaltered, al l  

Starch Equivalent values, as stated, have been increased by one-

f ifth.  The Nutrit ive Ratios then, so expressed, do hot therefore 

truly uefine the balance of the feed. 

All calculations have been made, using figures obtained 

from duplicate an.hLysOs o f composite samples of fodder and faeces, 

as previously mentioned. 

in the case of the moisture determinations and the deter­

mination of the nitrogen content of the urines,  the figures used 
has 

for calculations has, in each case, /be en an average one, the Lean 

of al l  those samples of either fodder,  faeces or each anial 's  

urine, which were analysed daily,  during each t rial.  These average, 

f igures were used in order that all  calculations should remain on 

a comparable basis ohroughout.  

in actual fact,  variations, between calculations of the 

total nitrogen content of any animal's urine, throughout tr ial  

determined by (a) using an average f igure, as outl ined above; and 

(b) multiplying the counts excreted daily by their respective 

nitrogen contents and taking the sin of the so figures; were not 3  

found to be very great.  
While average nitrogen balance figures so obtained, i t  is 

felt ,  will  serve as a check on l ive-weight measurerents,  a more 

detailed investigation, '  as pointed out,  is  necessary for the j 

determination of protein requirements.  

PART HI 
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FART III.  

THE RESULTS QBTAIRLSD. 
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R .SUITS OF TRIAL 1. 16.300 GRABS. Pa3pulum Tascicul^ tie.., 

Bamboo Grass Consumed Lb. Faeces Yoiaea Lb. * 
Date .  

Za bu Sahiwai Holstain Sussex 50 DU Saliiwai Holstein Sussex 
— 
17.ll . i59 74 51.5 70 66 35 28 40 33 

18 r t  68 56 64 57 51 -27 43 29 . 

19 " 65.5 43 u4 48.5 33 27.5 44 28 

SO "  67 56 72 53.5 45 27 38 37 

21 "  60 44.5 62 51 44 28 50 39 

22 "  61 46 .5 65 51 38 27 51 35 

23 » 60 52.5 bO . 5 50.5 49 50 .5 44.5 38 

24 » 61 56 62 65 36 30 .5 45 40 

25 » 76 63.5 73 48.5 37 52.5 42 32 

;26 "  76 53 68 54 58 27 40 52 
h 
, i TOTAL 668 .5 552.5 655 .  5 545 .0 eOo .0 235.0 455.5 34e> .0 

1$£> 

J3 
3  <• 

J ! 
36 
S 
33 

' T ABLE 4. COLIPOSITION OF BAhBOO GRASS ALB OF FAECCS. 

1 'oisture 
Sil ica 
-Free 
Ash 

Silica Cruue 
protein 

pure 
Protein 

ICther 
Extract 

jo 

Crude 
Fibre 

rtf  

ifi  trogeni 
-Free 
Extract 

rf 

jo /O jo jo j" 

ICther 
Extract 

jo * *  % 

Bamboo G rass 

- A • 

79.20 1.08 1.27 1 .  5l 1.18 .  0.29 7.19 9 • 66 

Faeces from; -

1 .Zebu 85.00 0.95 2.17 1.16 1.00 0.11 4.80 7.85 

2.sahiwai 81.20 0.74 2.10 1.19 1.19 0 .09 5.69 8.99 

3.holstein 8 o • 50 0 .80 1.49 1.06 0 .98 0 .08 4.28 u • 9 9 

1.Sussex 83.75 1 ,1a 0.84 1.12 _ 1.08 0.10 4.65 / • 
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TAJ3LE 5.  DIGESTION COEFFICIENTS OF B,J.  B OO GR ASS. 

Sil ica-
Dry Fre a 
l  at ter , .sh 

Crude 
protein 

Pure 
protein 

Ether 
Extract 

Crude 
Fibre 

Nitrogen 
-Free 
Detract 

l .Zebu 52.8 50.7 51 .a 51 .2 78.2 61.* 53.0 

2,sahiwal 53.4 64.2 54.5 51.3 84.9 63.8 49.6 

3. .  olstain 52.9 50 .0 46 .5 44.6 80.9 60 .5 51.3 

4.Sussex -  50 .8 - 46 .4 48.3 79.1 89 .5 31.6 

AVERAGE 52.5 5o .1 *9 .5 *7.5 80.8 61 .0 51.5 

TABLE 6,  NUTRITIVE VALUE OF 100 lb.  DAT BOO GRASS. 

TOTAL DIGESTIHE IT'TR: NTS Lb. 
DRY 
HATTER 

Lb. 

I i trogen 
Crude Pure crude Ether -Free 
Protein Protein Fibre Extract Extract 

S.E. P.Ii .  ] .R. 
Lb. Lb. 

20.80 0.65 0.56 *.o9 0.2o *.97 9.*7 0.61 l  ;  15 

CALCULATION OF ST JRC E IVALSI T . 

Di ;estibl© cruua protein. , 0*65 x 0.y<i = 0 . 61 

0 • 20 x 1 • j1 — 6 44 

vt ]  i t rogen-Frse 
Extract 4.97 x 1.00 -  4. 97 

99 Crude Fibre 4.39 x 1.00 = 4.  39 

TOTAL 10 • 

Deduct Total Fibre 7 # x 0.36 
7. 

*1 

52 

89 

f 1/5 x 7.89 (See Part I .Section A) 1• 

9. 

58 

47 

.B. The calculation of starch Squl.al.nt,  in all  the following trials 
have been made as above. 
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LE 7 .  ,EIGHTS OF CC rS (L fl . )  .  

.ZEUJ 2.SAHIWAL b *H0LSTEIH 4.SUSSEX Date 
1023 760 762 725 6.11,o9 
10 5b 7b 7 755 70 a 15.l l .a9 
107b 741 ' 814 740 37.ll .o9 

Initial  weights 

7/eights at  begin­
ning at  enu or 
experimental 
peri  ou 

Fro.. .  lexerance to Table Ho.5 i t  will  be seen that no figure has been 

scatea, in the case of the Sussex, for silica-free ash. fhe digestioi 

coex-icient in this case was calculated to be over 100. 

If  also reference is made to Table NO.a i t  will  be seen that,  on 

the aveia&e ,  about o5 to 65 ID .  of Bamboo Grass were consu ed by 

aninals daily.  

On application of ohe nutrit ive values calculated i t  

would appear that;-

D.I .  S«E. I .E. 

5 5  lb.  Bamboo Grass contained 1 1 . 6  lb.  a . 3  lb.  O . a a  l b .  

6o lb.  lb .  7 " 6 .1  "  0 . 5 3  I D.' "0 ' 

The fol lowing table shows the weights of all  ani mis at  

the beginning of the experimental period ana their approximate 

daily maintenance requirements (S^Q Part I .  section p) ,  to the 

nearest 100 lb. ,  l ive-weight also approximate average tally consump­

tion. 

TABLE ® # 

Live 
Weight 
lb.  

D. .  

1 0. 

3 «E • 

lb.  

. P .E. 

lb.  

! 
Lb.Consumed daily 
approximate .  

1 .Zebu 1053 2b .  5 6.5 0.65 65 » 

2 ,sahiwal 737 17.5 4.5 0.45 

b .Holstoin 755 19.5 5.0 0.50 65 '  

4.Sussex 703 17.5 4.5 0 .45 55 1 
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I-- no case therefore, i t  would appear,  diu th® rat ion 

eaten meat requirements for Dry latter or protein, except,  in the 

c ox til© .  olstain, while the supply of starch Equivalent would 

hardly appear to have be n sufficient to maintain the zebu. 

On reference to Table No.7, i t  will  be noted that the 

animals all  made gains in l ive wei ;ht,  during the experimental 

period. As stated previous, however,  both the Zebu and/Holstein 

ware becoming heavy in calf.  The fact that the animals,  part icularly 

the above two, appeared to gain wei ht ,  on such a ration, notwith­

standing io~ ual growth, might su ost that the values obtained were 

inaccurate.  •.U. 'frernutively, ei ther l ive wight wu3 n ot a true 

measure o_ nutrit ive effect or the standards were incorrect.  

The loss in l ive weight in the cases of uhe s  thiv/al,  

lolstein and Sussex, during the preliminary period might be accounted 

for by change in condit ions and ration. All animals had previously 

been receiving grass and a very small quantity of m#al.  I t  is  

however thought to be questionable whether they would pick up as 

markedly, on such an inadequate rat ion as the Bamboo Grass was 

shown to be, as their gain in live weight,  during the experimental 

period, might indicate.  

'  The writer feels,  however,  that he cannot arrive at  any 

definite conclusion, especially in view of the continual approximat­

ion which has to be made, throughout such work. 
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TABLIS 9.  AZS LTS 0? TRIAL 2.  P. J l .  1RA53. Brachlaria nutlca (stapf) .  

Date 
Para Grass Consume a Lb. Faeces Voiciea Lb. Date 

Zebu Sahiwal Hoi stein Sussex Zebu Sahiwal Holstein SUS38J 
8 .12.39 68 61 72 6o .  5 40 33 58 48 
9 n 71 54 70 59 51 29.5 53 ,5 43 

10 n 68 42 76 67 46 28 54 41 

11 it 64 64 80.5 72.5 44 28.5 57.5 46 .5 

12 it 62 55 81 69 36 28 57 44 j  

13 tt 60 .5 61.5 72.5 68 41.5 29 55.5 46 

14 ti 75 62 80 79 .5 54 28 51 47.5 

15 tt 78 74 87 79.5 39 27 46 59.5 

16 »t 88 61 87 91 31 26 46 .5 41.5 I 
17 it 84 52 88 87.5 34 27 46 35 

TOTAL 718.5 586.5 794.0 7o9.5 j 396.5 283.5 525.0 432.0 1 
^)»r» 'J X I *  

TABLE 1 0. CO: 'POSITIGi: 07 P^RA GRASS A 0 OF F/ACLS. 

Sil ica '  " r i tro-
T'oistur® -Free'  sil ica cruae pure Ether cruel® gen-

Ash Protein Frotein Extract Fibi 'Q Free 
Extract 

ct A •I j l  1° ± 
Para Grass 80.10 1.83 0.88 1.88 1.58 0.32 6.78 8.21 

Faeces from:-

1 .Zebu 84.35 0 .54 1.99 1.06 1.00 0.20 5.54 6 .32 

2.  sahiwal 81.85 0.58 2.45 1.31 1.26 0.15 6.23 7.43 

3 .Holstein 86.40 0.63 1.53 1.00 0.96 0.14 4.79 5.51 

4.Sussex 86 .00 0.53 1.56 1.13 1.02 0.15 4.71 5.92 
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:-W LE 11. DIGESTION COEFFIO 2 TS OF P ARA. GR ASS. 

•— — • 

Silica 
Dry -Free 
Matter Ash 

Crude Pure 
Proteip Protein 

Ether 
Extract 

Cructe 
Fibre 

Witrogen 
-Fro a 
Extract 

1 .Zebu 56.6 78.5 69.6 65.1 65,6 54.9 58.6 

2.sahiwal 55.8 79 .4 66.7 61.4 62 .4 55.5 53.9 

5.: rolstein 54.8 69.4 66.0 59.4 71.5 55.2 56.4 

4.Sussex 58.9 77.8 65.8 62.5 72.2 59.4 58.9 

AVERAGE 56 .5 . 76.2 67.0 62.1 67.9 55.7 58.2 

TA3LE 1 2. UTRITIVE /ALUE OF 10 0 lb.  p/JU GRASS. 

TOTAL 
DRY 
MATTER 

Lb. 

DIGESTIBLE NUTRIENTS Lb. TOTAL 
DRY 
MATTER 

Lb. 

1 it ro-
Cructe pure Cruae Ether gen-
Protein Protein Fibre Extract Free 

i Extract 

s.b. • n • 
Lb, Lb. Lb. 

|  1  1 
19.90 

1 
1.26 0.98 5.77 0.22 4.78 9.18 1.12 1 :7 

TA3LE 1 5 .  ] I  TROGEN BALATCB (Units = Lb.) 

Total x 0.50 Total 
Grass K N in Total 4 N in Total urine <f0  N in Total Total 
Con- Grass) Faeces Faeces N in Excret urine N in u out 
sumed -  Total Voided Faeces -ed urine -put 

N in- L 0 '  
take 

l.Zebu 718.5 S.156 

2.Sahiwal586.5 1.760 

096.5 0.17 0.674 552.5 0.56 1.197 1.871 t  0.285 

233.5 0.21 0.595 2o6 .  5 0.55 0.955 1.528 + 0 .  2a2 

BALANCE 
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TABLE 14. Y/1SI&HTS OF CO S (LBS.).  

1 .ZEBU 2.SA IWAL 3.P0LSTEIN 4.SUSSEX Date 

10 75 741 81<fc 740 

1098 770 858 728 

1135 755 807 756 

27 .11.59 

7.12.59 

18.12.59 

Init ial  weights 

Weights at  begin­
ning and end of 
experimental 
period 

From reference to Table I o .  9,  i t  can be seen that the 

average daily range of consumption was rroin 60 to 80 lb.  of para 

Grass.  On application of the nutri tive values obtained, i t  would 

appear that:-

D.*' .  

60 lb.  Para Grass contained. 12 lb,  

70 n »» »t » 14 >t 

80 " » "  " IS n  

S.h .  P.Lj .  

5.5 lb.  0.67 lb.  

6.4 " 0.78 " 

7.4 " 0.90 " 

The following table shows the weights of al l  animals at  

the beginning of the experimental period and their approximate 

daily maintenance requirements,  to the nearest 100 lb.  l ive weight 

also approximate average daily consumption. 

TABLE 15. 

L - .Consumed ! 
Live 
Weight 
lb.  

D-*:.  

lb.  

S »E • 

lb.  

P.S. 

lb.  

:daily 
.approximate 

l .Beou 1098 23.5 6.5 0.65 70 .  

2,sahiwal 770 19 .5 5.0 

o
 

n
 • 

o
 60 

5.HC1 stein 858 IS. 5 5.0 0.50 80 

4 .Sussex 756 17.5 4.5 0.45 70 
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In no case vera the require; ents for Dry I a ttar su l ieu but apart 

from that the rations eaten contained an excess of stated require­

ments,  particularly so in the case of the Sussex. 

The results are rather conflicting. The nutrients retained 

by the Zebu were least in excess of stated requirements,  the 

Starch Equivalent supply being only jU3t possibly adequate,  never­

theless protein supply was apparently adequate despite the animals 

now advanved stage of pregnancy. Reference to Table No. lb will  

show the nitrogen balance in this case to be decidedly positive. 

In the case of the sahiwal while there was apparently a 

loss in ' l ive weight of 45 lb.  during the experimental period, the 

nitrogen balance for this onimal was posit ive ,  about 10 7 j  o f the 

total nitrogen ingested in each case, being stored in the boaics 

of both the Zebu and sahiwal.  The apparent excess of require ants 

for maintenance supilied, and the positive nitrogen balance deter­

mined, i t  is felt ,  is  far more favourable evidence for concluding 

that the sahiwal received a maintenance allov/ance than i ts apparent 

loss in weight would be for concluding that i t  had not.  

The Hoi stein also showed a loss in ' l ive weight ol 51 lb.  

Though nutrients supx- ' l ied were apparently in excess oi requirements 

for maintenance ,  i t  must be assumed on this evidence alone that 

this excess was in^sufficiant for the added requirements due to the 

animal 's condition. This hoivever i t  is felt  is  questionable, on 

con i t ion of the evidence with regard to the zebu, also in blie 

same condition and especially on consideration of the fact that,  

in that case, the apparent excess of nutrients was markedly less.  

Without figures for a nitrogen balance further conclusion is  not 

possible,  the masons for their absence in the case of this Holstein 

and the Sussex having been already stated. 

The relat ively slight gain in weight of the Sussex, in 

view of the large excess of Starch Equivalent and protein, supplied 

over maintenance would seem remarkable .  This animal again lost 

weight during the preliminary period and seemed to take longer to 

accustom itself to any change in ration, having the most nervous 

disposition of any of the animals used and therefore might be 

Expected 
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expecoed G O  require more to regain condition 
A  

TABLE 16 . RESULTS OF i 'RI,TVL J . <3LI II TU G&LSS.  Punicun r—xi -urn. 

Date 
\ • • 

Guinea Gras s  Consumed Lb. Faeces Volued Lb. 
Date 

\ • • 
Zebu Sahiv/al Hoistein Sussex Ze bu Sahiwal Holfltein Susse: 

2.1.40 44.5 54 .  5 61.5 54 37 31 40.5 41 

3 -
60 48 63.5 60 3<t.  5 30 .5 44.5 44 

4 » 60 50 69.5 59 .5 33 '  31.5 48.5 47.5 

5 » 62 53 72 68 41 36 51 52 

6 » 64 57 93 68 39 29 53 48.5 

7 « 71 54 95 51 40 30 54 46.5 

8 * 65 73 98 89 .5 37 31 51 40 

9 "  65 52.5 87.5 70 36.5 32.5 55 42 

10 •» 78 68 94.5 90 37 36 61.5 59 

11 " 74 67.5 89 79 36 38 60 58.5 

TOTAL 643.5 577.5 823 .5 689.0 371.0 325.5 519.0 479.0 

TABLE 1 7 .  CO' . 0 SIT 10! OF GIT;'  N« . GRASS C.'  F ^ I E C E S .  

T Sil ica ~ ~ ~ 
T'oisture -Free Sil ica crude Pure Etlier Cructe 

" ash protein protein Extract Fibre 

± ± A A 

I i t ro 
-gen-
Free 
Extracl 

£ 
Guinea Grass 7J .55 At 2 2.05 0.28 7.<fcb 8 .67 

Faeces from:-

1 .Zabu 81.50 1.57 

2.sahiwal 

3.i:ol stein 

4,Sussex 

79 .75 

85 .00 

83.00 

2.52 

2.10 2.09 

1.48 2.0Q. 

1.67 1.73 

1.25 1.19 0.19 5.62 7.75 

1.31 1.23 0.19 6.13 8.43 

1.75' 1.06 0.14 5.53 6.30 

I .  i 1.09 0.20 5.27 6.31 



T A B L B  i§» DIGESTION 00EF TCI EI TS OF GUT EA GR ASS. 

Sil ica Nitrogen 
Dry -Free Crucie Pure Ether Crucie -Free 
1 'a  t  :- '&r ^sh protein Protein Extract Fibre Extract 

1.ZebU 49.6 -  66.7 68 60.0 66.5 49.5 

2.sahiwal 46.8 -  65.4 57.8 61.1- 55.6 46.0 

3 .Hol stein 50.0 -  66.5 59.8 67.7 54.9 50.4 

4.Sussex 4O.0 6 2 . 5  55).8 '  52.5 55.9 48 . 5  
'  •  . . .  .  - — • • • -  . .  . . .  •  ,  ,  . . .  

AVERAGE 47.9 -  6 5 .5 57.9 60.5 54.7 40.5 
S-%. 

TABLE 19, NUTRITIVE VALUE OF 1 00 lb.  GRIP'S A GR ASS. 

TOTAL 
DRY 
NATTER 

Lb. 

DIGESTIBLE NUTRIER TS Lb. TOTAL 
DRY 
NATTER 

Lb. 

Nitro 
Crude Pure crude Ether -gen-
Protein Protein Fibre Extract Free 

Extract 

S • • P «E. IT«R» 
Lb Lb. Lb. 

21.45 1.59 '0.41 4.02 0.17 4.11 8.69 0.90 1 :6 

t>3fr 

TABLE 20. ITITR-'  :EN BALA CE (Units = Lb.) 

x  q 34 Total 
Total ( i  K in Total ^ N in Total Urine # I: in Total Total 
Grass Grass) Faeces Faeces N in Secret brine N in I out 
Con- = Total Voided Faeces -eel Urine -put 
sumed N in- 1 0 '  

take — 

.Zebu 645 .  0 2.188 3 71.0 0 .  20 0.742 225.0 0.75 1.645 2.585 -  0.19 

• Sahiv/al 577.5 1.964 . 3 25.5 0.21 0.684 220.5 O.o7 1.257 l.vAL + 0.0^ 

.Hols te in  823.5  2.800 519.0 0.28 1.455 501.0 0.67 2.017 3.470,- 0.67 
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table 21. WEIGHTS Qg GO'S (T.H 

l .ZisiH 2 .Stv I  ;AL O. 0LS PSD' 4.Si 3E1" Date 

951 755 976 T 6 6  

|  951 765 916 727 

18.12.59 

12.1. 40 

Y/eights at  begin­
ning and end of 
whole tr ial .  

From reference to Table No. 16, i t  will  b© seen that the 

average daily range of consumption was from 60 to 80 lb.  of Guinea 

Grass# On application of the nutrit ive values obtained, i t  would 

appear that :  -

60 lb.  Guinea Grass contained. 

7Q t» »» t t  »» 

80 "  " " " 

j  »  .  S • — •  •  P  « o .  

12.8 lb.  b.2 lb.  0 #54 lb.  

lb.O " 6.1" 0.59 " 

19.2 » 7.0 " 0.68 " 

The reasons for v.eighing the ani-mls only at  the beginning, 

and end of this trial ,  as well as in the case of Trial 4,  Guatemala 

Grass,  have been outlined. The following table shows the weights 

of all  animals at  the beginning of the preliminary period ana their 

approximate daily maintenance requirements,  to the nearest 100 lb.  

l ive wei t ,  also approximate average daily consumption. 

TABLE 22 

Livo 
Weight 
lb.  

D • • 

lb.  

S.E. 

lb.  

P.E • 

lb.  

Lu.Consuned 
daily 
ap roximate 

l .Zebu 951 22.0 6 .0 0.60 60 

c.sahiwal 755 17.5 4 • «-) 0 . l5 60 

5.Hoi stein 976 20 .5 5.5 0 .55 
I  

80 

4.Sussex 756 17.5 4.5 0.45 70 
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In no case were the requirements ror Dry matter mat though 

t ie amouno, contained in the ration eaten In the 1. olstein, was 

al" ' i aQQ.uate.  Except in the case oi '  the . ,ebu, i t  would appear 

t i .at  suii icient quantit ies of starch Equivalent ana protein uere 

supplied in the rations eaten, with so. e excess in addition. 

On reference to Table No. 21, i t  will  be seen that the 

v/eight oi the 5ebu appare t ly remained constant throughout the whole 

tr ial .  The weight of the Sahiv/al increased appreciably,that of the 

Sussex decreased slightly while the ,  olstein lost weight considei-ably, 

over the sane period, however,  on reference to Table No. 20, i t  can 

be seen that the nitrogen balances for the s«bu and ] olstein were 

negative. There would, though, seen to be some connection between 

the l ive weight fluctuations and the extent of the e balances. 
' 

Where t3 e l ive weight of the lebu has remained constant,  

i t  will  be noted that the negative balance is  quite appreciable.  

In the case of '  thi.  sal wal which had apparently gained wei ;ht the 

posit ive nitrogen balance was comparatively sl ight Yvhile the 

Hoi stein not only lost weight considerably but also showed a con­

siderable ne ative balance of nitrogen .  

The Holstein had just been introduced into the experiment 

at  the start  of this tr ial  and was, in addition, rather nervous at  

first .  I t  may be that this was responsible,  to sore extent,  lor 

her performance. I t  is felt  that the nitrogen balances are far 

more Indicative of the effect of the ration, in any case than arc • 

the l ive weight measurements hut especially in view oi the state 

of the Guinea Grass examined. 10 definite explanation can However J 
be iven for the uisorepanoy between the calculated values of the 

rations consumed and their actual values when fed. ; 

I t  will  be noted that no figures have been given for the 

di estion coefficients of sil ica-froa ash. The digestion coefficient) 

for this,  when calculated were found to be over 1,1.  
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TA3LE 25. RESULTS OF TRIAL 4.  GUATE? :V LA G RASS. Tripsacuia laxuxi.  

Date 
' rUa te iiial  a  r}ra 3 s  Con 3uxaea Lb . Faeces Voicied Lb 

'Zebu Sahiwai l iolstein Sussex Zebu Sahiwai IIo 1  stein Sus: 

22.1.40 73 63 87 80 33 18 54 36 .5 

23 '» 69 57 76 74 40 21 o7 40 

24 " 66 •>2 .5 75 66 54 21 40.3 37 

25 " L 7 0  61 81 68.5 32 21 56 34.5 

26 » 74 54 65 77 57.5 23 38 33 

27 »• 71 67 91 77 37 54 38 39 

28 •» 64.5 58.5 83 76 54 20 44 36 

29 » 71 66 73 .  5 73 56 25 37 39 

30 " 65 58 74 66 32 25 58 37 

31 " 6 9.5 60 .5 82 71 32. 5 22 40 55 _________ 

TOTAL 

_  — . . .  

693.0 597 .5 787. 5 728.5 348.0 230 .0 382.5 367.0 
!b» t f  oxr 3 U 

TABLE' 24. COITOSITION OF GURTErRLR GRaSS iJBJ CF F.J^C^S. 

Silica ,  
roisture -Free Silica Cruae pure Ether Cruae -gen-

sh protein protein Extract Fiore Free 
Extra 
-ct 

<jL 4 i .  l/o c /° - J  ?° .  .  . . .  J L.J 
Guatemala 
Grass 

' ' "" 

81.05 0.48 0.90 1.75 1.13 0./1 / .41 - .do 

Faeces from:-

1.Zebu 

2.sahiwai 

3.:  olstein 

|  4.Sussex 

63.30 0.77 1.38 1.25 1.06 C.o2 5.74 6.84| 

80.45 0.97 1.70 1.44 1.38 0.65 6.25 8.03 

84.55 0.79 1.25 1.44 1.06 0.54 o.54 6.08 

c -85 0.75 l .bo 1.13 0.48 J.86 6.60 
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— • DIGESTION COSFFICISUTS 0 /  GU..TEI . .LA GR ASS .  

Dry 
I a tter 

Sil ica 
-Free 
a.3h 

Crude 
Protein 

Pure 
Protein 

Ether 
Extract 

Crude 
Fibre 

Nitro 
-gen-
Free 
Extract i 

1  .Uebu 50 .9 18.4: 61.8 02.2 06 • 4 61.6 
. 

b4.6 

2.sahiwal 60 .6 26 .0 62.8 02.0 60.8 67 .9 58.2 

5.Kolstein 62.4 26.0 60.5 56 .5 65 • 4 66.5 63.6 

4.Sussex 07 .8 15.8 60 .8 50.8 65.9 60. 5 07 .0 

AVERAGE 59 .1 21 .1 62.7 02.9 65.4 64.1 58.4 

TABLE 26 • 1-UTRITIVE VALUE CF 1 00 lb.  GUATEI nLA GR..S S. 

1 

TOTAL 
DRY 
TATTER 

Lb. 

• 

DIGESTIBLE NUTRISi TS Lb. 
1 

TOTAL 
DRY 
TATTER 

Lb. 

I i tr 'o 
Cruele pure Crucie Ether -gen-
Protein protein Fibre Extract Free 

Extract 

S • •  P • .  • «R« 

18.95 1.10 0.60 4.80 0.45 4.35 10.22 0.85 1:9 
1 

TABLE 27. I:ITR0GUT EAL-iNGE: ( Units = Lb.) 

Total f i  N in Total ; ' j  N in Total Total - j  N in Total 1 'otal 
Grass ;rass) Faeces Faeces V in urine urine • in out 
Con- = Total volcied Faeces Excret 
sumea N in­

take , 
-eu 

Urine -put 
Lb. 

BALAN CE 

l . jebu 693.0 1.940 048.0 0.20 0.696 O64.0 0.0b 2.002 2.698 

S.Sahiwal 597.5 1.67o 2o0.0 0.23 G.&9 42S.0 0.51 1.530 1.859 

-  Olstein 787.5 . .205 ,  ,.5 0.23 0.880 441.5 0.65 1.040 . . .420 

-  0.7 08 

-  0.18b 

-  0 . 2 2 0 1 !  

T A L E 2 .  US IS TS 0° / s  (LB.) 

1 v 2 S T U. °  • OLSTUr 4.31 jo Date [ "I 
JL . > j • o. . i.  ̂ • — 

951 763 Si® '£ ?   

977 ?K;, 850 730 J 

12.1.40 

1.2.40 j 

. /eights at  begin­
ning ana ana or 
v. .  a le  trial.  
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From reference to Table No.25, i t  will  be seen that the 

average daily range of consumption was from 60 to oQ lb.  of uate.iala 

Grass.  On application of she nutrit ive values obtained, i t  could 

appear that:-

D.i • S *-6 •  i '  • n • 

60 lb.  Guatemala Grass containeu. 11.4 lb.  6.1 lb.  O.el lb.  

70 "  * " n 15.3 " 7.2 " 0.59 r t  

80 « "  " » 15.2 » 8.2 " 0.68 •» 

Like thau for the Guinea Grass the following table a ovvs 

the weights of al l  unii .-u.ls at  the beginning of the preliminary 

period and t i .eir  approximate daily .maintenance requirements,  i.o 

the nearest 100 lb.  live weight> also approximate average uuily 

c on sump t  i  an .  

TAILS 29. 

Live 
Weight 

lb.  

L)..  .  

lb.  

S.2 • 

lb.  

p .E. 

lb.  

Lb. Con-
su-<ed 
dai ly 
approximate 

1 .Zebu 951 25.0 6.0 0 .60 70 

2.seh ivval 763 19.5 b. 0 0 .o0 60 

3 .i-olstein 916 20 .5 5.5 0 .55 80 

4.Sussex 727 17.5 4.5 0 .45 70 

^oept for Dry l»tter,  requirements would appear co haw 

-  neference to fable No. 28 shous 
been i . t  or r.oetly exceeded. ^eie 

a <„ t ie ease of the uolstein, there were duins in live 
that except in ta.e cnoe 

hole  of the trial ,  Again, however,  as m the 
weight during the whole 

* Of results for minea arass.  the evidence of the 
previous set o- ic.su 

mhle ho. 27 is  contradictory, in this case 
nitrogen balances in Table no. 
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there seems to be no connect ion between .he l ive weight f luctuations 

and the extent or the ne native nitrogen balances determined and 

again no definite explanation can be given for the uiscre ancy. 

TABUS 30 .  RESULTS OF TRIAL 5.  SWEET POTATO VINES. iporfia batatas.  

'Sweet Potato Vines Consumed Lb 
Date 

'Zebu Sahiwal nolstein Sussex 

10.2.40 59 

11 '» 

12 " 

13 » 

14 " 

15 " 

16 " 

17 » 

18 « 

19 " 

66 

61.5 

65.5 

67.5 

66 

68 

67 

62 

69 

57.5 

54.5 

53 

56 .5 

59 

59 

58 

53 .5 

56 

61 • 5 

65.5 

68 

6 6  

67 .5 

71 

70 

69 .5 

68 

72 

68 

55 

62.5 

58 

bo 

55 

53 

54.5 

60 .5 

60 .5 

65 

Faeces yoiaea Lb. 

Zebu Sahiwal rolstein Sussex 

26 

30 

' 35 

56.5 

34 

53.5 

39 

56 

38 

28 

31 

27.5 

26.5 

28 

29 

29.5 

52 

28 

36 

32 

31 

86.5 

36 

37 

33 

31.5 

54 

31 

57 

25 

27 

J 

28.5 

2&;fl 

TO""AJL |  651 .5 573.5 665.5 579 .0 t  341.0 295.3 33C.0 _ _26_6^_o 
I mm ... "" ' ' ' "" ^ ^ ^ ^ n I » ? '  Tl i  -yo «3 » 

TA ILS ol .  P.fi '  "POSITION 0? S' IET POTATO VMS I'D 0 IhmChS. 

Sweet Potato 
Vines 

Faeces from:-

1 .Zebu 

2,sahiwal 

3.Hoi stein 

4.Sussex 

' s i l ica 
"oisture -Free SiJLica cruue 

Ash 

TrEro1^ 
Pure Ether Crude gen-

protein protein Extract Fibre Free 
Extract 

1 
'jj J°- OL ml. J l  J 1 

78.1 0 .70  1 .68  2.81 2.15 0.61 5.89 10.21 

82.15 1.73 1.65 1.69 1.38 0.30 7.20 5.28 

81.05 1.77 1.47 1.75 1.60 0 .33 8.21 5.42 

80.75 1.89 1.62 1.94 1.94 0 .36 8.09 5.35 

79.55 2.01 1.74 2.19 2.07 0.39 8.06 6.06 



TJxP.LS—o2. -grici:  col:;  '  IGIK 'JS OF SVffiET PO TATO /I  ES. 

j 

Dry 
Hatter 

Sil ica 
-Free 
Ash 

Crude 
Protein 

Pure 
Protein 

Ether 
Extract 

Crude 
Fibre 

Nitro 
-gen-
Free 
Extract 

1 .Zebu 56 .76 - 65.79 65.74 87.15 07.00 72.11 

2.sahiwal 55 .41 - 67.77 61.64 72.oO o5.4l 72.11 

0 .Hol s tein 55.20 - 64.97 54.08 70.00 02.45 72.65 

4.Sussex 57 .02 - 61.67 55.62 70 .08 09.10 72.14 

AVERAGE 56 .1 - 65.1 59 .0 75.0 06.1 72,0 

TABLE 03. NUTRITIVE VALUE OF IOC lb.  S-.HET PO TATO VIDS. 

TOTAL 
DRT 
HATTER 

Lb .  

DIGESTIBLE GUTRIENTS Lb. 

. „ 

TOTAL 
DRT 
HATTER 

Lb .  

Ili tro 
Crude Pure Cruae Ether -^en-
Protein protein Fibre Extract Free 

Extract 

S»E .  j « E» 1 .R• 
Lb. Lb. 

21.90 
• 

1.83 1.27 2.10 0.46 7.08 12.08 1.55 1 :6 

T,iUT/K 04. 1 ITRO GEU PALATCE (unite -  LD.) • 

- o t a l i n  T o t a l  T o t a l  i  N  i n  T o t a l  T o t a l  
Total [,o N in TOTfLL ° c e a  K  i n  urine Urine r  in N outj  
Grass irass^ £5?.,Q ' r t  " Faeces Excret Urine -put 

-ed 
' irass fi«oo i -v "•— -
Con- r  Total Voided 
suras d N in­

take 

Zebu 651.5 2.902 041.0 0.27 

Sahiwal 570.5 2.581 29 5.5 0.28 

Holstein 365.5 2.995 039.0 0.01 

6ALAN CJ 

0.921 O10.5 0.65 2.018 2.90S -0.00 

0.809 29O.0 0.55 1.612 2.451 fO.lOOj 

1.051 014.0 0.55 1.727 2.778J +0.217 
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TABLE a5. WEI SI TS OF PC1  ;S (LB,).  

1 .ZEHJ 2 .  SiL ' I  WAL 3 .T 0LSTEHI 4.  SUSSEX 

977 783 Q50 730 

979 791 869 732 

963 784 879 750 

init ial  weights.  

Y/eights at  beginning and 
ena of experirental period. 

From reference to Table No. oO, i t  will  be seen that the 

average daily range of consumption was from 55 to 65 lb.  of sweet 

Potato Vines. On application of the nutrit ive values obtained i t  

would appear that:-

D.I".  S.E. P.E. 

55 lb.  sweet Potato Vines contained. 12.1 lb.  6.6 lb.  0.85 lb.  

n n it  »i 14.a " 7.9 «» 1 .00 " 

The following table diows the vieights of all  animals at  

;he beginning of the experimental period and their approximate 

maintenance requirements,  to the nearest 100 lb.  l ive weight,  also 

ipproximate average daily consumption. 

Table '  a6. 

1 .Zebu 

2 .sahiwal 

3 .I iolstein 

4 .Sussex 

Live 
Weight  

lb.  

979 

783 

869 

732 

: Lb.Consumed 
D .I*, 

lb.  

S *E • 

lb.  

P.B. 

lb.  

i daily 
approximate 

22.0 6.0 0 .60 65 

19.5 5.0 

o
 

lO • 

o
 55 

20 .5 5.5 0 .55 65 

17 .5 4.5 0 .45 1 55 



It  can thus be soen that except for Dry latter,  al l  

requirements were apparently exceeued, in the rations consumeu. 

On reference to Table No. 3b, i t  can also be seen that the zebu 

and sahiwal lost weight while the l .olstein and Sussex made gains,  

though in no case were the fluctuations, in live weight,  throughout 

the whole t rial ,  very great.  

Reference to Table NO. 34 shows that the nitrogen 

balances of the animals for which the balances were determined were 

satisfactory. The zebu showed a slight negative balance but,  on 

consideration of the method of calculation, this cannot be 

emphasised. 

In this tr ial  also, the digestion coefficients for si l ica-

frea a3h were found to be over 100 and so have not been quoted. 

This occurrence was also pointed out in Trials 1 and 3. The writer 

is  at a loss to explain this and can only indicate the errors which 

may occur in the calculation of the digestibili ty of ash (see part  I  

Secti  on D.a .)  .  
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PART IV. GOI. SI PER ATI a: OF RESULTS. 

(A) CO! PARI SON OF T1JS NUTRITIVE VA3I3S C'1 *E E FCl'DE ;S ELII ED, 

From reference to the nutri tive values calculated, by the 

method outlined, i t  would appear that except for the Bamboo G rass,  

all  fodaers were capable of supplying the requirements of Starch 

Equivalent and protein. In fact these were often in excess of 

re quire: ,  en ts.  However,  on reference to the individual results of 

each trial  the samples of- the Guinea and Guatemala Grasses could 

hardly be said to have proved satisfactory, and, in these cases,  

their calculated values, as providing a maintenance rations were 

not confirmed. This is  in agreement with the writer 's  feelings 

on the subject of those particular samples.  The Guinea Grass,  as 

renti  oned, t i  ough stated to be l i t t le oluer than two months was 

becomi: g hard while the Guattnnlu Grass ,four months old, was dis­

t inctly past i ts  ideal 3ta ;e for feeding. 

Despite being in flower, the para Grass,  i t  is fel t ,  

rather substantiated i ts reputation for nutrit ive value wuile lastly 

the Sweet potato Vines, as expected, proved to be or superior 

feeding value to the other fodders examined, thus confining the 

value claimed for them, as a ieed. 

fhe most serious crit icism which must be made for t i l l  

fouuers is  with regard to ury matter content.  In this respect ,  all  

rations eaten were unsatisfactory the dry natter supply, in nearly 

every ease,  using far below the standard requirements,  rations i,  * 

so.e oases being as «uoi as five to ten pounds short .  IK i le serious 

in a maintenance ration, i t  must also be obvious that,  under such 

c i rcumstances ,  it  sight be difficult ,  even with the addit ion of 

concentrates,  for an adequate anount of ury natter to be supplied. 

The importance of an adequate supply or oulk in the 

rations of catt le cannot be too heavily streseed, if  uaximi 

digestibility is  to be obtained. Lnlees a sufficiency is su. net 

digestibili ty will  be impaired and the ani.nl «y experience dis­

co,fort .  14 addition this lack of dry matter, ,  as in the present 

experiment,  cannot be 'remedied by further consumption since the 

animal 
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animal has already probably consumed i ts  maximum of era en rouyi-uge. 

This,  low dry natter content is  also a serious crit icism 

uO be levelled at  Jhe maintenance rations reco endea by l laule 

(l toO) of the fodders he examined for catt le.  

In the present experiment a considerable portion of each 

ani.mal* s  ration was water and i t  ./as noted that very l i t t le extra 

mater was arunk, in addition. The consistency of t l ie faeces was 

not markedly a-Tec ted 14 the case of the four grasses,  remain in^ 

just solid ohrougi,  out.  During Trials,  hov/ever,  the faeces of the 

animals,  eating sweet totato Vines, changed considerably, becoming 

darker and considerably looser,  though the animals showed no signs 

of scouring, in addition to low dry maimer content,  the relatively 

high protein content of the rat ion may have oeen partly responsible 

for this.  Wit- regard to the feeding of Swee-c P otato fines,  i t  

might therefore be considered advisable,  to allow wilting to oake 

place befoi 'e feeding, thereby causing loss of some of the 'excels 

moisture. In this state,  i t  is claimed by 30ns that there is  no 

loss in nutrit ive value, though the animals aid not take quite so 

readily to i t ,  when fed l ike this during the preliminary period of 

tr ial .  This course naturally cannot be advised where grasses are 

fed. 

Amounts of urine, excreted daily,  did not in any ca. e 

remain constant but on the whole excretions seemed 01 mn to be 

made with fairly regular fluctuations -  a large quantity one day, 

followed by a smaller quantity the next.  a.s might be expecteu, 

however,  i t  can be seen, if  the f igures are compare d,  that higher 

moisture content in the fodders was aoooim l isted by greater amounts 

of urine excreteu. 
jn cme l ight of the above, the effect of the rations fed 

being perhaps not as mariced, as their calculated values might 

indicate ,  . ight partly be attributed to their low JJry rat-er 

contents,  -l ternatively, the success of sons is  surprising, on 

consideration of this aspect end, as a result ,  the accuracy of the 

standard require,  ants for dry matter used, might be questioned. 

. • 'The 
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The cri t ic! SBL which has been maue or Guinea -rass,  as 

oeing a relatively dry re nter,  in ti .e l ight or the abo.e,  night be 

claimed as an attribute.  

(B) GO' ibwiIoCI OF l '  E PI 1ESTIBILITY OF T fS FQ5DER5 BII u I  .1?. 

digestion coefficients obtained 
The following table shows the average/for the following 

nutri  rits,  in euch of the fodders exa . ined. 

TABLE 3 7.  

Dry 
Latter 

Cruue 
Protein 

Pure 
Protein 

Crude 
Fi bre 

Silica 
Beher -Free 
Extract *».sh 

i . i tro 
-gen-
Free 
Extract 

1 .Bamboo 52.5 49.6 47 .5 61.0 oO .8 aa.1 oi.  5 

2.paru oo .5 67 .0 63.1 55.7 67.9 76 .2 58.2 

3.Guinea 47.9 6o .5 57.9 o4.7 60 .o 48 .5 

4.Guatemala 59.1 62 .7 
# 

53 .  S 64 .1 65.4 21.1 

|  5.3.P.vines 5b. 1 65.1 59.5 <JO .1 75.0 7-2.5 |  

From this i t  would appear that aigestibili ty or nutrients 

was considerably hi "her throughout in the Para Mass, Guatemala 

Grass ^nd sweet Potato / ines than in the • amboo Grass unci 'Guinea 

Grass.  Oh consideration oi '  the varying stages of growth and 

condition, in which the fodders were cut,  however,  the above 

table does not, . i t  is  felt ,  afford a fair basis for eowparisou. 

pro this table,  however,  several points are noticeably outstanding, 

in the f irst  place ti  e great variation in the extent to which some 

of the sane nutrients were digested, in different fodders e.ianined, 

met be evident.  In the second place the generally low digestion'  

coefficients of Guinea Grass,  except for Crude Protein met be 

noted, this being rather in agreement with what r ight be imagined 

from the condition of the grass.  on the other hand, ccsusidering-

i ts 
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i ts age, mhe relatively high digest! uil ity or the -uuoe. ala Grass 

must be co-x.ended ohough uhis was probably enhanced by removal or 

dead material ,  as explained. 

Tae lax a ass,  as con be seen was, on the whole, uhe 

most - 'a hi.y digestible though only slightly more tham the Sweet 

Potato vines. he very low digest! 4ii ty 01 cruue vibie,  in chat 

fodder,  is  noteworthy, this being off-T by a higher digestibil ity 

of nitrogen-free extract.  

There was, as cun be seen from the tables of results,  

So.e ui.  -B8 considerable variat ion between the digestion coefx ' icients 

Ox e -  our animals,  for any ^articular nutrient ,  ^his not being 

e.  luent irom tiie above table.  There seemed however to oe no 

connection between these variations, the extent or the digestibil i ty 

of any particular nutrient in any fouler,  by any one enimal,  not 

remaining proportionally conscant in rexation to -chat by the other 

animals,  in the other fodders.  

In general the digestion coefficients Of the Sussex were 

sl ightly lower throughout the experiment,  in no case, however,  i t  

is felt ,  could i t  be really said that the Indian animals i .e.  zebu 

and Sahiwal sfeoued any higher digestive capacity, particulaxly in 

the case of crude Fibre. 

The digestion coefficients for the various nutrients 

compare very favourably with those obtained by I au le (1930) ,  using 

cross-bred cows, for Uba Cane, cane-tops and Elephant Gras3 also 

thos obtained by Hobbs (1931) for 'savannah Grass,  with six zebu 

oxen. In this last  case, the digestion coefficients were not out­

standing for cruae f ibre though no inference can be drawn from this 

evidence alone. 

I 'aule (1930) al30 found variations between individual 

animals lh his three tr ials ana pointed out that this tended to 

show, ei ther that Individuality has a greater influence on the 

digestibili ty of fool stuffs than Is attributed to i t  by Anas by or 

Kellner,  or,  that the variation observed hay be connected with the 

theory that native or Indian animals are more economical in digestion 

The 
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ihu uiitei  l  inds himself in agreement with the f irst  of these state­

ments.  As regards the second, the implication is  uncertain, if  

economy in digestion implies le 3s requirements for maintenance, the 

writer i  eels this is  dependent upon the previous plane of nutri tion. 

The mini 's  contentions in this respect have already been stated. 

The pure Taurus animal is  obviously at  a disadvantage in this 

respect,  to h e pure Indicus, when imported into Trinidad but among 

local zebus and cross-bred animals i t  is uncertain to what extent 

this economy is inherited or how long i t  can be maintained, under 

different conditions and upon another plane of nutrit ion. Consequent 

ly,  with no particular data available,  i t  is difficult  to predict 

to what extent maintenance require Brits for Trinidad animals differ 

from those re contended by English feeuiu standards. 

Neither Maule's nor the present results,  however,  give any 

definite indication that higher digestive capacity is  retained with 

Zebu blood, when animals are bred and acclinatisea locally.  

(C) COMPARISON OF HIE APATITES OP ThE EXPER T AITTAL A IT'-ALS ^ D OF 

ThA P. iL,iTABILITY Of THE FODDERS EXA I I ED. 

vs previously stated, the experimental animal 3 were allowed 

to eat as much as they desired. The following table shows the 

average daily amounts of the fodders consumed during the experimental 

periods. 

TA'LX OC. 

Bamboo Para Guinea Guatemala S.  p.Vines 

1 .Zebu 67 72 64 69 65 

2.sahiwal 55 59 58 60 57 

o.nolstein 65 79 82 79 67 

4.Sussex 55 74 69 7o 58 
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Tiie sraall  variation in the average claily amounts consumed 

by the Sahiwal and t ie two Zebu animals (A usea in Trials 1 and 2 

and B in Trials o,  4 and 5) is  noteworthy. The palatabil ity of the 

samples,  except in the case of tne Sweot Potato Vines, is  in 

general ,  indicated by the relative amounts consumed'though not in 

every case .  

Of the grasses the Para Grass was undouotediy the most 

palatable and the Bamboo Grass quite definitely the least relished 

by the animals.  The relatively lar e amounts of Guatemala Grass 

eaten, considering i ts age and condition, is  surprising. The 

writer has no hesitation in saying, however,  that of the samples 

examined, the Sweet Potato Vines were the most acceptable of all  

the fodders examined, to the animals.  

That the palataoil ity is also rather indicated by the 

rapidity with which the animals take to the fouuer is  shown by 

the following table of the average daily amounts of the-fodders 

consumed during the preliminary periods. 

TA-'3LE A 9. 

Bamboo para Guinea Guatemala S.P. vines 

l .Zebu 59 66 50 67 58 

2.sahiwal 45 52 49 56 57 

5,Hoistein 55 69 61 79 65 

4 .Sussex 46 56 60 71 59 |  

from this i t  can oe seen that except by the Zebu, there 

was l i t t le variation in the daily amounts consumed, during the 

whole tr ial  of Sweet  Potato Vines, though as mentioned, the sample 

fed during the preliminary period was older arm harder than that 
fed 



VB 
-78-

fe.L during the experimental period. The smaller amounts of Bamboo 

-iaoo consuj.ecl,  during the preliminary period, point to i ts relative 

unpalataoili ty and the animals distaste for i t  at  f irst .  The above 

was also the case for the poor sample of Guinea Grass examined. 

The above f i  <;ures further emphasised the palatabil ity of the 

Guatemala Grass but the relatively lower figures in the case of the 

Para ^rass are due i t  is felt  to rather poorer quality material 

being fed during the preliminary period. 



-79-

CONCniSION OT RE CPU "ENPATIO7  r  S. 

At the oxktset,  the writer reels that he may be severely 

criticised for devoting too l i t t le attention to the results 

obtained iron this experiment ana too much to other aspects of the 

general problem. That this course has however been taken was partly 

due to the following reason. Owing to the time taken in conducting 

these trials and carrying out chemical analyses,  no results could 

be obtained before early aipril .  In addition, previous to that date,  

l i t t le time was available to the writer for a consideration of any­

thing but the under taking in hand. . . .s  . . .  result ,  it  this hie si  3 was 

to be presented before the end 'of the session certain omissions 

would have to ue made. The writer 's  reasons for choosing to fore­

shorten his discussion of results i t  is hoped will  become clear 

from what follows. 

in tl  e earlier part  of this thesis attention has been 

drwan, as closely ns time and space would perc.it  to sore of the 

many l imitations to such experimental work as this,  some of which 

must be apparent from a consideration of the whole experii jent.  

Unless these l imitations are fully realised, the actual value o_ 

any results obtained cannot be truly estimated and if  such results 

are merely stated without,  re serve they may be quite misleading if  

used in the computation of rations. Therefore i t  was felt  to be 

essential to make clear these l imitations before trying to draw 

any inference from results actually oDrained. 

"To initiate an experiment or series oi experiments 00 

determined the digestibili ty and nutritive value of some of the 

fodders coijaonly fed to cattle in Trinidad", Iale (1980) states,  

"is desirable in order to determine the amount of a fodder that 

should be fed to dairy catt le,  to supply maintenance retirements,  

as given by flood or :  orrison for cattle in Europe and . . merica, 

and hence calculate,  using these figures for concentrated footle,  

and figures calculated from the results of t l  is  experiment for 

local fodders,  rations for dairy catt le and draught oxen in 

Trinidad" .  
Whil© 
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7hile thi3 was probably unavoidable due to lack of -ny 

better values, bhe writer feel3 that the above resolve was any­

thing out desirable.  Nevertheless L!a. le follov.3 up his work by 

calculating various rat ions in the above wanner and estimating 

nutri tive , 'alues per acre of the fodders examined, in such a wide 

application oi results,  to both dairy and working stock, from a 

single investigation, i t  is felt ,  nay l ie a distinct danger,  

l iven had t ime permitted, the writer would have had distinct 

hesitation in following a similar course. 

.apart from the fact that there is  no'proof that feeding 

standards in ; juerica or .England are applicable in Trinidau i t  has 

also been pointed out how different nutrit ive values, obtained in 

those two countries,  nay be when similar feeds are util ised here. 

Even assuming any concentrate used was identical,  there is  no 

proof that the roughage necessarily util ised in the determination 

of the concentrate 's nutrit ive value in either England or America 

even approximated to those, l ikely to De used in any rat  ion with 

i t  in Triniuad. Tn no particular phase nay the error be large but 

from what has been pointed out with regard to bhe associative 

effects of feeds when combined in rations, to say nothing of the 

error which may occur in the calculation ox nubri ti  -e ;u1u^js axon, 

tables of digestible nutrients,  i t  is felt ,  that the possible 

nar in for error is  considerable.  

, ,  l U i0  (1950) also pointed out the desirability of cora-
'  v  '  " composition 

paring the digestibil ity or even chemical/or the fodders in ui±ier-

ent . tafias of growth, in order to dots mine the moat nutrit ious 

stage for cutting and feeding to cattle.  Sinoe that time thera 

have been considerable advances in the knowledge of the chemical 

composition alone,of the tain fouuer crops. As has been pointed 

out,tun,ever,  chemical composition alone is no sure indication of 

o -TRP-ards di  ;estibil i ty determinations, no nutri t ive value .  regarcio r0  

(n-v-prnnt bv Hobbs (1951) for savannah further work has been none except cy no a i 
r ,h -  i nves t iga t ion .  In th is  case however the Grass,  t i l l  the  present  i nves t*  

. .  — ,  a r e  examined  in such varying stages of growth 
f  ouder3 wiiuii i  11 rw* wens cacu 

and 
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and condition that i t  is felt  that the values, ootained for then 

do not provide a sound basis for comparison, without further 

confirmation. 

These conclusions would so far,  i t  is re retted, seei.  to 

oe destructive rather than constructive. However if  this work is  

oo co continued i t  is hoped that the following recommendations, 

arising us a result  of the present work, i ay be of value. 

1.  That the digestibil ity or the main fouder crops oe compared not 

only at  different stages of growth out at  different seasons of 

the year.  If  this is  to oe uone, i t  is felt  that the crops 

should be grown for this purpose, under an approved system of 

management in order that they may be examined as desired. 

2.  That as a result  of the above when there is  a sound basis for 

comparison, the most desirable fodders be included in rations 

with local feeding stuffs,  to test  how far these may meet require­

ments.  If  thought to be satisfactory these rations can then be 

tested out in practice to determine whether they serve the 
J 

purpose for which they are inten ed. 
that 

3.  That,  in order /  this may be done successfully,the nitrogen 

balances of animals under trial ,  be determined arm their protein 

economy be studied, since protein is  ode l imiting lac tor in 

Trinidad rat ions. Tn this respect the following i t  is xelt  

deserves mention. Watson (1940) has recently drawn attention 

to the work done in Germany on the possibility of saving protein, 

in the rations of ruminants,  by feeding simple nitrogen compounds 

such as urea, glycol (amino acetic acid) and ammonium acetate.  

While as he -states,  "upon the whole i t  seems unlikely that these 

substances serve as actual sources of protein. It  does seen, 

however,  that they prevent the breakdown of true protein in the 

IV, en -  the bacteria l iving upon the simple nitrogen compounds 

in prefe ence to the food protein .  At a ny rate ,  in most tr ials,  

a protein-deficient ration, reinforced with urea, &c.,  has given 

definitely better results than the deficient ration itself ,  

and 
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almost as good results as a full-protein diet",  in addition 

work by Hart (1939) and associates points to the conclusion that 

not only can non-protein nitrogen be ut il ised by ruminants but 

that i t  is  most efficiently util ised when soluble sugar is  given 

simultane ou s ly.  

Therefore, in view of the plentiful supply of molasses,  

i t  is  felt ,  that if  supplied of non-protein nitrogen could be 

obtained easily and cheaply and, after experiment,  i t  was found 

possible to incorporate them with other feeds in rations, much 

of the difficulty with protein supply might be overcoie .  

4. That the animals util ised should be as nearly uniform in every 

way possible and if  dairy cows are to be used, the writer 's  

remarks in Part II .  section B be regarded. 

5.  That if  such .work is  to be done, provision should oe made for a 

more complete chemical analysis and attention paid to the mineral 

aspects of the problem. 

f inally i t  might seem that t .  e recommendations outlined 

cover rather an extensive f ield. However neither the importance nor 

the necessity for such work needs stressing but if  i  o i s  n oe o.  

real value some definite systematic programme oi research shoul ,  

i t  is  felt ,  be established. 

Trinidad is comparatively well off for both fodders and 

concent ra ted  feeds and  while i t  is not in any way implied that the 

rationing of catt le is unsound, i t  is felt  that there is  distinct 

room for improve ent,  if  the b^st use .is  to be made of local feeding 

stuffs.  
fnat the work outlined by the previous recommendations 

cannot be doubted. However,  if  by i t  a would be very expensive caimuo 
+ nn lath e of the nutrit ive values of the fodders alone more exact ;mo..-Ledge ex ^  

• f l ,  in rations is  obtained the initial  expense would and /hen combined in rations 
,  - o r ily by the above work would i t  be possible 

be we 11 repaid .  Hot on my 
.  a 1  rations to be determined but also the full  

f o r  t h e  m o s t  e c o n o m i ca l  r a t i o n .  
extent to which local feeds could sup ly require,Bute could be 

ascertained. The application of uncertain feeding standards and 

he  computa t ion  of rat ions i s  uneconomical ,  
nutrit ive values in the cor.pu 

1 b£L 
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vi oh the tie ruination or the value ol* c ertain basic rations composed 

of awilaDie feeding sturrs and balanced for particular purposes, 

oiie aio.j ,  i l  is ielt ,  could lari  ely oe avoided. 

SI "  !  .uBY. 

1.  The digestibil ity of the following five fouaers in varying stages 

of growth ant,  condition was determined, when feu to caoale.  

1.  Bamboo Grass -  paspa,- ' .un l \ :<scicula.tun. 

2.  Para Grass -  Brachiaria mutica, (stapf) .  

3.  Guinea Grass -  Punicun maximum. 

4.  j-uatenala Grass -  Tripsacum laxum. 

o.  swoet Potato Vines -  ipomea batatas.  

2.  The nutrit ive values of the above roaaers were calculated by 

methods outlined and are thus expressed, in lb.  of Dry natter,  

Starch Equivalent,  protein Equivalent and digestible Crua© 

of the fre sh .uterial ,  as follov;s:-

D • I v ! .  S«E • P .3 • Dige st ible 
pro bein. 

20 .80 9.47 0 .61 0 .65 

19.60 9.18 1.12 1.26 

21.45 3.09 • 0.90 1.39 

18 .95 10 .21 0.60 1.10 

ml. 90 12.08 1.35 1.86 

1.Bamboo Grass 

2.PBra Grass 

3.Guinea Grass 

4 .  juate i .^ila jo. ass 

5.Sweet Pot,ato rines2l.90 

3. The results .ere not al together satisfactory in that the effect 

of the rations fed, part icularly in the case of the Guinea and 

Guatemala Grasses,  was not as marked as the calculated nutrit ive 

values might indicate.  This may have been; to soma extent,  due 

to the Dry lat ter content of the fodders examined which, in every 

case, . .as ueciaedly too low. 

4.  The results indicate (a) that the Bamboo Grass ration dia not 

su, ply a suf f ic ien t  quant i ty  of protein for the mainte ance 

-  oott ie (b) the high nutrit ive quali ty of Para requirements oi cauie,  
Grass 
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Grass, (c) that the sweet Potato Vines were undoubtedly the most 

satisfactory fociuer examined, in respect of both palatability 

and nutrit ive value. 

5.  . 'he varying stages or growth and condition in which the fodders 

were examined precludes a true comparison of their nutrit ive 

values an; ,  with no confirmatory evidence available ,  no applicat­

ion of the values obtained to rations in Trinidad, has been i .ade. 

6.  The methods of experimentation and calculation of results have 

been described. The effect of the l imitations to these methods, 

on the values obtained has been outl ined and re commendations have 

been made for future reference. 
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SOI'S A ALY5E3 (DRY H ATTER D-SIS) OF Y-'E I '^r TRI IIAD FCDPS t C HOI- - .D'fCLUDr. G L IJTRITIVE v^JXnjS "w KIRE H3TKRTINED 

& 

FODDER CROP. 
Date 
or 
Analysis 

Reference 
Yield 

.per 
acre 
( tons) 

Dry Cruue 
Matter protein 

1 • 3C0 /RASS 
pre sent 

:ov .1940 analysis 

pi" re Crude Corbo-
proiein Fibre hydrate 

: . . i  t  

Silica Ago 
Total -Free 
Ash Ash 

j  ,o € 

when 
cut 
(weeks) 

Rainfall  sTJT pTm. 
during (% of ( /  of 
growth green -reen 
period material) material) 
(inohe s) lb.  lb.  

w$m 

Crule 
protein 
( - of green 
mta )ib.  

• R.  R E K A R X S. 

6 .00 C 20 .80 5 .20 .69 54.55 47.90 11.-JO .20 10 14.0 .47 0 .01 

2.PARA CRASS 

' j f .  

(a) 
(b) 
(c) 
( d >  

(e) 
( f )  

JlL 

jan.1927? 
Feb. M  r Kincaid 
ray. "  $ (1927) 
May.lt37] pat/erson 
Aug. "  -* (1958) 
De c.1940 Pre sen t  

analvsi s  

65 | l : lb |yieid estimated. 

7 .08 
7.56 
7.70 
5.00 

11 .00 

24.68 
25. 69 
28 .54 
5 2.11 
21.17 

G 1 9.90 
-# 6 

Q • u> o 
8 .53 
7.56 
5.  v^6 
6 .24 
9, o5 
r~&> 

7.95 
7 1 J  

'30.70 
25.82 
51 .91 
55.17 
34.63 
*54.06 
7/4-

51.55 
51.05 
52.67 
52.42 
47.25 
45.95 
4ii' •>' 

8.50 
14.78 

7.86 
9 .05 

11.88 
11.56 
/«•? 

O • <Jl 

15 
7 

10 
8 
8 
8 

14.0 
9.0 

15.0 
3 .5 

10.0 
6.5 9.18 1.12 1 .2 6  

3 .GUINEA GRASS (a) 
(b) 
(9 
u 

D« C »192 61 
Feb.1927/ Kincaid 
Apr. » -> (1927) 
J" an.  1940 present 

analysis 

5.28 C 1 9.50 9.5b 
5.84 C 2o.75 I 2 . 6 0  
7.77 C 25.27 5.13 

G 21.45 9.o9 

47.23 
41 .66 

39 .74 
632 .74 

38 
3.19 (54.74 4 .46 

12.^:7 

35.88 47.14 
12.97 
11.85 
13.11 3.66 

11 
7 

11 
9 

11.5 
11.5 
14.5 

9.0 8.69 0.90 1.39 

4. GUATEI A.LA 
GRASS 

(** 

(a) 
(b) 
(c) 
(<1) 
( e )  
( f )  

> ><• 

Dec .1926? 
Feb.1927) Kincaid 
Apr. » J (1927) 
; ay.  1937) pat/erson 
Aug. "  j  (1938) 
Jan.1940 present 

analysis 

6.09 C 1 4.83 11.57 
8.17 
8 .55 
a.  50 

12 .00 
8 .00  

17.16 
lo.lO 
26.68 
17 .65 
18.95 

9.61 
7 .88 
6 .78 
6 .69 
8.00 

28.25 50.00 10.38 12 11.5 
,32.01 49.59 11.59 9 12.0 
53.77 45 .85 12.50 9 14.0 
33.27 
35.19 

50 .91 9 .03 8 3. 5 33.27 
35.19 44.6'0 13.50 8 10.0 
59.50 45.19 7.31 2.57 16 17.5 10 .2 2  0 .30 1.10 

'  5  .ELEPHANT 
GRASS 

' *_ 

A-

A 

(a) 
( b )  
( 9 )  
( a )  

Dec.1926) 
27V Feb.1927 

Apr. » J 
! ay.1930 

*- 7v*-
( a )  JCJLL I. :ay .1937") 

Aug. » j  

Kincaid 
(1927) 
J. 'aule 
(1930) 
pat/erson 
(19o8) 

8.55 C 17. 35 10.77 
11.41 c 15.85 15.77 
13.23 C 1 8.73 6.81 
10 . 0 0  G  1 6.68 7.60 

l39 .  74 
150.17 
54.53 

(29.5 0 

48.77 
40.32 
49.97 
47.00 

10.72 
12.74 

8.69 
14.-30 

9.00 C 1 9.75 
19 .00 C 1 3.65 

7 7 -  i  

6 .00 
6.82 «• 

5»94 

e.XJBA, CaIDS ( a )  
(b) 
( 9 )  

Feb.1927? 
Hay. » J  

•A 

ay 
Feb.19o0 

A 

Kincaid 
(1927) 
Kaule 
(1930 

9.18 C 19 .59 
6.15 Q 15.92 

50 .00 G 52.40 

~rr-

9.13 
v .20 
9.04 

54.03 
33.16 

J 3.1- -> 
31.11 

46.78 
42.78 

33.71 
30.52 

s. f- • -> 

52.42 
50.56 
s3.68 

12.37 
17.22 
-ts-TT— 

7.34 
6 .48 
4.50 

12 11.5 - -

7 11.5 - -

11 14.5 - -

9 — 8.64 -

8 3.5 m. 

8 10.0 - am 

20 25 .5 
10 15.0 -

0.8 

rr 

13. i 1 .6  

-r 

1 aule 
7 • CANE TOPS Iar. l9o0 (1930) 

robbs 
G 27.60 *-3— 

5.00 «?• %— 
.54.00 55.00 6 .00 15.6 

7 

8 .SAV-A' AjI GRASS Feb.1931 (1931) 

9.SWBST PO TATO 
VBTSS 

i3 ^ Present 
Feb.1940 analysis 

C 3 9.07 9.00 36.61 
6 0 /  
55.70 

*/• / 

.  33 26.21 

8.00 G 21.90 12.63 .81 ;27.82 48.70 10.85 3.20 16 14.0 12.08' 1.5; 

• -

, j  yields estimated} or calculated from plot harvests 
• " a n d  q u o t e d  i n  t o n 3  f r e s h  Material per cut analyseu. /V 

/•r 

*  ' r  "  

G = Grown on loveitii-ent stocn .yam, St.  < osephc 

C = irown on I .C.T.A. Far:. .  

Rainfall  above average during dry season 1926-7. 
t t  I t  I I  I t  • »  f t  T t  

< "  "  « "  •» "  »» *• Patterson ( 
Pi1  .quoted are means of high & lo w cuts.This applies to al l  anal.with Refere 
Jet season 1937 abnormal -  low rainfall  and humidity v/ith high temperature. 

1-7 impossible to give yield figure, in flower. 

Rainfall  above average during ury season 1926-7. 
f t  

f f  

ft 

ff 

ft 

ft  
ff 

tt 

tt 
tt 

tt 

If 

tt 

ft 

116 Jim iossible to give yield f l  ure. in flower. 

(Rainfall  above average during dry season 1926-7. 
tt ft ft ft ft ft tt 

gee remarks for analyses of Para Grass -  Fatterson (1958) above 
ft ft ft It ff ft ff H ff ft 

1:1 " 

1:1* 

Rainfall  above average during dry season 1926-7 
it n n tt  t t  11 n 
it  « it  H M 11 11 

o  data available for rainfall ." " - "  

see remarks ror analyses of para Grass -  Patterson (1938) above. 
n tt « w tt tt tt n tt »t 

- (stated to be poor sample. Annual rainfall  1927 above average, 

l j l l  0 data available for rainfall .  

0 . 6  1:25 

1.77 1:14 

1.83 1:6 

1:251/ariety " 10/12. '  o data available olT age when cut ,rainfall  or yield, 

1 : 1 4 bo data available of age when cut,  how obtained, rainfall  or yield. 


