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MIASURSMONT OF DRY MALPZIR INEAKXS OF DRY JiRSIY CO'SS
ON_HAY ANDU SILAST ALON3Z AKL IN COMBINATION.

3action Ii INTROAICTION.

In the provision of an adequate supply of nutrients to dairy oows, primary
consideration must be given to the capacity or nbpotito of the animuls for the
food offered. This 18 due to the fact that appetite, measured in terms of
dry matter intake per day, l1imits the quantit; of food (dry matter) that a cow
consumes.

In feedin: bulky roughages to dairy cows, appetite is an important factor
to be considersd. Bulky roughage such as hay has a low nutrient content
whereas silaze i3 both low in nutrients and dry matter, when compared with con=~

centrated foods. (Table 1).

Table I. Jry matter and nutrients content of hay, siluge and meat meal (1)
reed Jry MHattsr Digestidle Starch
(%) Crude iro- Equivalent
tein (%)
Poor 85.7 3.4 22.0
¥eadow Hay
3ood 65,7 5.4 37.0
second quality 4.5 2.4 12.6
Grass silaze
first quality 21.0 2.7 12.6
fure meat meal 69.2 67.2 91.0

The suoccessful use of roughage as a 3ource of nutrient supply for dairy
Sattle depends lirgely on the amount that can be gonsumed by the animals.
Appetite places a limit to this amount.

¥hen rouvshase is fed to dairy cows along with some congentratad foods for
produstion, suoh as in Ingland, Denmark and United States or when it 13 fed
alon2 for maintenance purposes, appetite muy present no probdblem, In the first
case, the nutritive requirement of the cHow3s is assured by supplemsnting with
highly dizestibls cnnceptrates; in the second case, the nutritive requiremant
of an animal 138 relatively low.

When roushiage 13 fed ad 1ib. to dalry cows as a 30le ration for production,
however, appe:ite, by limitinz the anmouni of ryushage eaten and hence the nut-

riant intake of the cows, may become a limiting faotor in production. This is
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especially the case with hizh producsrs or cows at the pea< of their product-
ion and especially so when rouzhage of poor quality is fed.

The following evidance may be quo ted.

Graves et al (2) in analysing the rasults of feeding Holstein ocows exclus-
ively on alfilfa hay suggested that the inability of the animals to consume large
" amounts of hay early in the lactation period may be an.important factor in prev-
enting cows from reachin; their maximum production.

Bartlett (3) comparing the use of bulky foods with concentrated foods for
"steaning up" of cows, found that the cows steamed up on bulky foods yielded
about 4 1b., of milk per day less than those steamed up on concentrated foods.

Autrey et al (4) comparinzg tha efficiancy of hay and silage ration with a
ration contairing lirited Z2rain and a ration of full grain, for milk production
raprtad the avaraze daily production of fat-correoted milk was:

30¢3 1b, for tha cows on hay and silage
9443 1b. on hay and silage with limited grain
37.2 1lb. on full grain ration.

Sharmod and Dean (5) feeding Alfalfa hay alone and with concentrates to
Jersey and Guernsey cows found that the hay and consentrate-fed cows averaged
per lactation 5,358 1b. of milk containing 294..2 1b. of butterfat, while the
hay-fed cows only ayeraged 4,192 1b. of milk =ittt 2:643 1b. of butterfat.

Jraves et al (6) compared the use of Alfulfa hay andé pasture, with a full
grain ration for milk produotion and found that the cows on Alfalfa ha& and pas-
turs nnly yielded 69.75 per cent as much milk as the animals on full grain rat-
ion.

Bartlett (3) in an experiment oconducted with 12 dairy cows to determine

the effect of feedinz the same amount of nutrisints in differini bulk, reported

that ons important limiting faotor in milk production was the inability of the
cow to consume sufficient nutrients in the form of foods 16; in starch equiv-
alent.

Under a.puro grasdland syatam in New Jealand, hay and sil.use have baen
used very extonsively for feeding dairy sn=+s. iaring periods of insuf.ici ot
growth of pasture such as late winter and dry summer, cows live chiefly on hay
and/or silugs with 11ttle pasture availuble. Hence the determination of the
amounts of hay, silaga, or both a dalry cow will eat 18 not only a matter of

academic interest but of practiocal imporiance.



Seotion II. OBJZCTS OF THZ® IXPTRIMNT.

Chiefly, the purposs of this project was to find out how much hay, silage,
or both, a Jersey dry oow will eat in terms of dry matter per day and to compare

the consumption of the thrss rations.,

In addi tion, the following aspects have also received attsntion in this
thesis:

l. To find out whethsr ths dry ocows on the three roughage rations ocould

consume enough L.D.N. to maintain their body weizht over the "dry

period”.

2. To obsarve the behaviour and reaction of the cows towards the thrae
rations.
This investi.ation was also undertaken with a view of teusting the applic-

abllity and merits of the two Latin 3quares Jesign (7) for déiry cattle feed-
ins; experimant.



Section III. LITERATIIRE RIVIEW.

Althouvgh 1t 18 very important to know the amount of dry matter that a
dairy cow will eat on ryughage alones, there is a paucity of data in the liter-
ature in this regard. Appar=antly this subjeot has not been subjacted to sys-
tematical investigation, This is probably due to the fact that in all other
ovarseas dairying countries dairy stock are usuilly rationad and ad ib feeding
of high quantity of roushage is not practised; hence the quantity of rouzghage
that can be eaten by a cow is not a matter of importance.

At present, all the evidence is cnllacted from records of exparimants
whioh wera desisnaed for other purposes, but oonnected with the feeding of rough-
age to dalry cattle.

One of the first expsrimental investi;ations in which dairy cattle were
fed on hiy and silage alone was by Graves ani co-workers in 1926 and 1929 (&).

They fed Holstein cows on grass hay and grasas silage alone.

In the 1926 trial, cows on hay (avarage body wei:ht 1,332 1b.) ats on the
averags 22.8 1lb. hay a day or 27.3 1b, dry matter; cows on 8ilage (average
body weisht 1,320 lb.) ate £3.9 1b. silage or 21.2 1lb. dry matter.

In the 1929 experiment, the hay-fed cows (average body weiht 1,369 1lb) con-
sumed an-averaga of 44 lb. of hay a day, while the silags-fod cows (average body
weizht 1,281 1b) consumed 103.6 1b., of silage. The average daily dry matter
consumption was 36.7 and 26 1lb. respectively.

In both trials, the cows were found to consume more dry matter in the form
of hay than in silage.

Phe result obtained by comparinz the dry matter consumed by two cows when
the ration was hay or =ilage alone, with the amount consumed whsn the ration con-
tained both hay and silage, indicated that while adding hay to the ration of a
cow receiving silags inoreased the consumpiion of dry matier, adding silage to
the ration of a cow recziving hay, on the other hand resulted in a dacrease of
dry matter consumption.

In the summary, they also concluded the followins points:

1. Theres was a markad preferance o tha cows for hay and silag2 made

fror: immature gras:; as compared t» that made from mature 3srass. The

oonsunmption was 10% greater on tha hay and 20% greatar on the silage



rade from the lcss mature Jrass,
2. If hay 18 of good quality and 1s made from grass at an immature stage
of growth, the cows on hay alonz can consume enousgh hay to supplj
the nutrient needed for body maintenance, but the cows on 3ilaze alone
did not oconsume enouzh silage to provide the nutrients required for
maintenance.

In another trisl by the same workers (9) the fact that oo ws on silage con-
surnad less dry matter par day than cows on hay and that the cows on silage were
notv able tn consume sufficient to meet their nutrient requirements as those on
hiy was conf irmed.

Results from an experiment in wiich threa groups of ten Holstein cows were
fed hay <« ~ilage alone and hay plus silags, by Hodgson and Knott (1G) also
indicates that cows on hay alone cgonsumsd more dry matter than did the cows on
31l ags alone. fhe group on hay plus silage vas also found to consume more dry
matter than did the group on silage. There was 1little difference in consump-
tisn between cows on hay and those on hay plus silage.

Tha comparisons of dry matter consumption quoted above were conflnad to
3Zrass hay and grass silage. There has bean reported a number of feediny ex-
perimints deuliny with alfalfa hay ilons or with com silage or comparing alfalfa
hiy with grass hay and/or grass siluge.

In the fallowing tables 2 and 3, differert reports fron various experimental
Jtations in U.3.i. on the dally conmumption of Alfalfa bay alone and of alfalfa
hay anéd oorr silage combined respectively are summarised. All the investiz-

ations wers carriad out with Holstein milkin: cows.

Lable 2, Average daily consumption by Holstein cows on 4ilf3lfa hay alone.
ixporimant Station. ixparimsntal Daily Feed
2erilod. Consumption.
(days. ) (1b.)
Utah (6) 166 3449
Jelels Piold Stat-
ions (2) 356 39.7
Orazson (11) 342 305
Xansas (12) 3C4 30.4
3ul1fornia (13) 341 29.7
Kevada (14) 304 3649

average for

6 Stations. 206 33. 1




Table 3, Average daily consumption by Hol stein gows on Alfalfa hay and

Corn 311420,

Lxperiment Zxperimental Lally Feed Consumption (1Db)
Station. Zeriod,
(days). Alfalfa hay dorn silage.

Utah (6) 18l . 22,6 42.2
Ibntana ‘15) 201 20,0 49,6
Kansas (12) 204 14.5 2545
Averaze for

3 stations. 229 19.6 420

It can be seen from the above tablss 2 ané 3, the Holstein ocows on Alfalfa
hay alone consumed on the average 3Z.7 lb. dally sand when they were on Alfalfa
hay plus cor: silage, they oonsumed an averaze of 19.6 1lb., of the former and
42,5 1b. of ths latter. An extensiva stucdy on feedins vialus oi ilfalfa hay
comparad with mixed hiy and grass 8ilaze as a ration for dairy cattle has basen
carriad sut by Hodgmon and ¥nott.

In an expsarimsnt with 41 Holstain cows on all rouvghage ration, they repvort-
ed in 1938 (16) the daily dry matter oconsumzniion per 1C0C lu. liva-w:i_ht for

the varlous rouzhase rations as follows:

Al741f4 hay alore ces oo ace 2¢ lbe.
¥ixed srass hay and grass sila;e oo 22 1lb.
Mixed Zrass hay alone® .ec oeo  aoe 19 1b.
Jrass silage alone ces eee ove 18 1bv.

The c¢ows gonsumed mors dry matter in the form of grass hay than in grass
3ilage, and more 1n Lrass hay plus grass silage than in either 3zrass hay or
£rass silase alons. But the hizhest dally consumption was for the ilfialfa hay
a: a sole ration.

In 1947, the same authors (17) feedin; two groups of nins Holstein cows on
Alfalfa hay alonsa and sn mixed grass clovar hiy and grass silage rsported a
similar result. The consumption of dry maitsr for the cows fed ilfalfa hay
(avarage body weizht 1,379 1b) was mugh mdrv thin the cows fed the mixed hay
and silage ration (averags body wal:ht 1,329 1b), being 33.2 and 26.1 1b., per
day raspectivaly.

The cows 1n tho latter Zroup consumai awout &t per cent. of thalr dry mattar

in the form of hay. The consumption of dry matter per 1560 lb. of livz-wai;ht



for the ilfu fa-fed ocows was 24.2 1b. and for the hay and silago fed cows
20.6 1b. fhey consider that lower palatability was responsible fHr lower
dry matter consumontion for the mixed hay and grass silage ration.

In New Jeal ind, tha only report on dry matter oonsumption by dairy cows
in the literature appoars to be that by 3ears and B1ill (16). hay, in
determining the digestibility of grass sil .ge by Priesian and Jsrsay cows..
found that two Friesian cows waizhing an averazé of 1,062 lb. consumed on the
average 2).7 1lb, of dry matter daily, while two Jersey cows waizhinz an aver-
age of 870 1lu. ate 17.3 1b. They consider that the oows were not eating to
capacity and suigest that the factor of palatability of the ration was involved.

Apart from tha=s studies quoted above, which mostly concern this thesis,
a number of workers, chiefly in the United States, as a result of invsstizations
in oonnection with feading of roughage to dairy cows has reported that quali ty
anéd palatability of mushage affected its consumption. 30me of trhess are
citad below: that dairy cows gonsumed mors of the better grades of alfalfa,
timothy and soybean hay than they did of the poorer grades, by ¥Woodward and
graves (19); that unfavourable curing oondition produced a decrease in consump-
tion of zrass,hay - by Williard, (20).

Dawion (21) also raportad that Holstein gows consumed first-grade grass
hay at 40 lv. par cow per ﬁay; sacond grade 3€ 1lb;, third grade 23 lbd.

Baghtol and As<oolates (22) in feediny Allulfa hay as the sole source of
dry ratter in the ration to Holstein and Jersey cows found thse daily intake of
dry matter psr 1000 lb. body-weight was: '

20 1lb., for normal hay (3004 leafy hay from outer portion of a stack)
15 1b. for brown hay (from innar portion of a stack)
10 1b. for charred hay (from a partially burned staok).

In 3wadan (2Z) an extensive expsrimsnt .0 deter:.ine tha daily dry matter
intake of dairy cows had bsen carrilsd out, Various feeding stuffs were fed
ad 1ib. It was found that the amount of food which a cow will raeadily consume
and her intaxe of dry mattor depends primarily on the palatability of the feed-
ing stuffs.

Cows praefnrance for variety in thair dist and inoreased dry matter consump-
tion with incraased variety of food have 213> veen reported by many workers.

Meigs and Convsrse (24) found that 20wl do not sat at their best on rations

in which aithar 41falfa or Timothy hay i : the %0le moughage; thai coroininzg the



two incorsases tudr appetite and particularly their willininess to eat a large
quanti iy of hay. Also when offered both kinds of hay it the same time, the
cows which had beer on aithsr as ths sole ™mu:tage for any length oi time almost
always showed a preference for the other.

Cows receiving no hay exaept ilfalfa davelop a oraving for other kinds of
hay or rougzhaze - has also been reported by 7rf (825), and by sraves and co-work-
ers (9).

Lawsaon (21) even observed that cows after being fed on a rathsar fine leafy
hay for sxtendied pariods may have craved the more stoé; and coarser kinds.

The cows increased their daily hay intake as they were shifted fror: the first to
the latsr cut hay, but 1180 increased oonsumption when they were again shifted
to final cut hay.

The addl tion of oonuentrétea or grain to a roughage ration resulting in an
inoreased to.a: consumption of dry matter has been reportad by ¥all, 1918 (13),
Jansen 1942 (26), and Autrey, Cannon and 3Irpe 1942 (4).

%atson (27) working with shesep also reported inoreased food consumption
with increased variety of food.

Bosides palatability and variety, a number of othar faotors afieciinz rough-
age consunpiion have appearsed in the literature.

Graves :tci., (2) (6) found that unlaazs gattle have aceess to a larger
amount of rouihage (104 more) than they would consums, total amsurt consumed
will be raduced.

Cows increasing their hay oconsumption with increased allowance has also been
repnrted by "illiard (20).

irny and Hodgwon (26) obssrved that cows ate more Alfalfa hay as they becane
accustomed to the chuinxze. Jraves et i1 (9) fcund that when cows ware changed.from
immature zrass to mature hiy or silags : prompt éecline resulted in consunption
thouzh this mi ht have been due %0 the quality of the ration. Changing from
a 1let of chopped lucerne hay to one of tho same hyy fed in ths lon; coudition
resul tin; in deoreased consumption has al130 been reportad by Tatson (27 ) working
with shasp, '

Jonas (11) found shat ahopped hay was crnsumed more raadily than the long
hay and acocording to Sraves et al (&) orwa I1¢ not ecnsume as much dry mattar
while gra:zin:; as whon fed 3rass olipnin:s.

Hods orv and Knott (16) in an experiment with 41 mature Holstein ocows on all
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rouzhage ration found that thare was little correlation batween the dry matter
consumption and waisht and age, but that there was a correlation botwesn milk
production and dry matter consumption.

Holms (29) on the othor hand reportsd that milk production did not influence
the amount of srass oonsurned since tha dry cows ate as much as the heavy milkers,

Woodward (30) has found that Jerssy cows oonsumed somewhat more dry matter
P2r unit of body weiiht than Holsteins. However, he considers that the cause
might have been the diffarance in size of the two breeds. In the same article,
he alsn raported that a warm temperaturs did not materially lessen the consump-
tion of zraass.

Finally factors dapressing roughagze consumption, have been rsported:
Phosphorous deficiency by Huffman (Z1) ; With cows; unbalanced ration and rat-
ions enntairin; an excessive proportion of roots and protein defiocient rations
by “#atson (22), Voodman (23) all workinz with sheep.

Summarisin: these resvlts quoted above from other workers, it appears that
& dairy cow would oonsums on the avarags from 19 to 26 lbs, of dry matter per
day per 1000 1b, live-weight for hay, wille from 16 to 20 lb., for =ilaze would
be the averaze consumpiion. The dry matter consumption for hay or for hay
plus ailage was ilways hi her than for =silagse. ¥ut betwean hay and hay plus
71lagna, thore was no oonsistent difference. rsalatability and variety of the
ratiorn apoearad to affect mostly the amount of roushage consumed. Other faot-
ors inherent in tho ration, such as amount of food offered, bilance of ration,
oetc., wore also important. Faotors inharent in the animal itself such as
sise, age, breed and milk production sesemsd to play a less prominent part in
influsncing a cow's appetite for muzhags. However, further work is required
irn this regard.

This brief survey of literaturs doas indicate that there i3 a big lack of

data and much scope for research work in this field.
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Section IV. PLAN OF TXPiRIMINT,

A. DE3CRIZTION OF M3 wil WILLIDA. JH3ISN.

In the simplest fsedins; experimante for dairy cattie, the group fseding
method, whare easn group of cows receives only a sinzgle ration throughout the
trial, {: usu2lly employed. This method has an advantage of simplici ty.

But 41t has s me serious disadvan tages.

¥irstly, where the experiment consists of more than one ration, the con-
sumption of rations can scarcely be comparsad using this method, becauses the
consumption of a given ration is almost eﬁtirely dependsant upon the individual-
ity of oows rsceiving the ration.

Since cows are variable in this rospeot..tho variation between consumpt-
ions of rations i8 large, thougzh 1t may be reduced by skilful groupinz of the cows.

3egondly, whare more thun one ration is attempted within limited experiment-
al. resnurces avall a1bla, wiih this mathod the number of cows recaiving esoh ration
i3 necessarily decreased as the nurmosr ol rations fed is increasad. conas-
quently erro~ ir ths ooraumption of aach ratior dus to small size of the cow
sample i3 {ncraased wiih tha increase of number of rations fed.

Switeh-back desisn, 48 shown below rsp—3sents an atiempt to overcome the
above difficlties by letting all ths ratioans attenpted ve received in turn by
every cow,

Switch-back Desizn.

(with 2 rations, A and B.)

cow Pariod I period II
1 A B
2 B A

But this method also contains some undesirable features.
l. Wwith this design, the animals consume a Ziven ration at diffefent per iods or
at a 51ven neriod consume different rations. Thereforsa tre variation in con-
sumptions of different rations dus to the influence of period, such as stage of
pregrancy anc¢ weather conditions ate., cannot be eliminated.
2. TIn tri= nashod, it is diffioult to» feed the cows with more than two rations,
If a third ration is fed, it usually serves as a control ration and is ocontinuous

rathsr than rovsrsad afterwards.
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Se If the amunt eaten in ons pariod 13 inlluanced oy the ration siven in the
provious period, it is difficult, with this method to eliminate through statis-
tical treatmant, the chanzeovar eoffect of the rations, because the sizes of the
change=-over affects are not known. Hence, in an atterpt to overcome these

difficulivies, a2 desizn (7) involving the use of two 3 x 3 Latin squares (first

and complamania~y) as shown in f£ig. 1 and 2 respectively was er.ployed.

Fiiure 1. % x 3 Latin Square. “
(Fith 3 rations, A, B & ¢, and 3 leriods, I, II & III)
cow Pariod I Poriod II 4 Poriod III
1 A B c
2 B c A
K] c A B
Fizure 2. 3 i & Complamantary Latin 3juare
("ith & rations A, B & C and 3 reriods I, II & III)
Cow Period I 2ariod II Period IIIX
4 ) § C B
5 B A c
6 C 3 A

It can be seen from fig. 1 and 2 that this desigzgn has many desirable feat-
ures as gompared with the 3witch-back desizn.

l. Thras rations can be fed to the cows without the necessity of using one
as a control.

2. ¥ith triz desiin, irn any experimental period, onsa-third of the ocows are
recaiving sach ration,

Thus 1f the appetita from pariod tn pariod 12 tha seme {or as similar as
possible) for the thras cows /or three lots of cows) within sach Latin square,
the thres ex->rimental periocds will be equally repressnted in the couswnption
for any ration.

Phis enablss tha effeats of period =uci as staje of pregnangy, weather
condi tions ete., on the consumpiion of any ;lven ration to be aliminitad.

Se The desi;n, wlth two Latin squares, on3y complamentary to the other, 1s
such that each ration {3 precadad by saci 0f ura other rations osn equal num-

bsr of times throughout the trial. Ihis allows an unbiased estimate of the
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effect of one ration on the ratiorn in ths followin: pariod to be obtainad.

i.2. the desizn permits the proper evaluation of ration effeact ulonas as distinot
from the ration affect plus sarry-over af ‘ects from the precedin; ration.

4. Individuality of animals i3 largely eliminated by double shan;ins of them
from ona ration to another two rations,

fn the present experiment, three rations A, B & C were fed and three ex-
porimental pariods I, II, III were used. Thus with two 3 x 3 Latin squares,
as shown in fi:. 1 and 2, six sequences of rations ware made possitle, three
saguunces wivnin sach Latin square. The twelve cows employed in the experi-
meni were then first divided into four xgroups, each of threa cows on the basis
of expescted capacity for food, the thrae sows within each Zroup baing chosen
a8 4imilar as possidble in liva-weight, age, oondition and stage of preznanoy.
Then the four outcom? groups of cows were allottsad in the followin; way to the
6 sequences o raitions at the three pesriods.

Firstly, two Zroups were allotted at random %o each Latin Squara,

Secondly, within asaoh Zmup, cows ware ullotted at random %0 saquences of
rations, one to eache.

Thus within each Latin Squars thera wers two groupa of cows and within each
group, each of trras cows recaived ~ne ssquenve of rations.

In other words, each sroup constisuield an incapsndent experiment in its
respactive Latin squars.

Conssguently, when 4 zroups of cows (I, II, III & IV) were considarad tog-
etha~, th2 cows would raceive the 3 rations (A, B & C) at the 3 paeriods (I, II
& III) in ths following way:

dlg ¥1iviin each Labtin sguare of 2 ;19:ups of cows, 2 cows, ons cow from

sach group, received each of the  sequences of rations throughout
the exparimental perlod.

2. 4 cows, one cow from sach grouvp, received each ration in sach period.

Se 2agk cow nad every ration at soma.time, soonsr or lat:r, during the

exparimant 30 that finally each ration would be received by every cow
used in the urial.

This can best be shown in the following #i:vure 3,

Pizurs 3. wy & x 3 Latin quaraes

( iv:. & rations 4, B & C,ireeairac by 4 groups of cows, I, II, III & IV,
a4t 3 pariods I, II, & IIl). (#f_ure is illiustrated on page 13)



Jraup Cow 2ariod I | Period II ! Pariod III
Ko. No.
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IV

Be _MATERIALS U3ZD.

Animals Usec.

¢ha twelve mixod aged dry pedigres Jerssy cows used in this expariment ware
soleoiad irom tha liussey Collsge Jalry Herd, T™wo inimals wears thraa years old,
javan four years old and three ten to twelvs years old. Their 11ive waights
ranged from 714 o 660 lbs. with an averase of 602 1lu. fhey on the wiiole were
in averags to gnod z:ndition at ths atart 2f tha axparimant. All c¢ows exaegh
ona (Frivolous) wora in calf and with :he axsepsion o7 two cows, Doy and Barbara,
which wera in the [irst halft of nrusnancy, all wers sresnant for six t» sevan
months, £rior to the experimsnt they were all in milk. Before thay were sub-
Jected to this trial, all of then wers runnin; in the Collegs's wval~y Herd with
othar dair-y cows and therefore were treated the same as any other cows in the
herd. inring periods of low pasture procdrvction such as dry summer or late
wintar and earlyspring these cows received sore hay, or silage, or both, as
supplement in addition to what th2y couléd Hbtain from Zgrazing. Rone of these
eHws had been housed indoors previousdly.

(Data concerning th: ocows used in tha experimant ars found in Table 5)

Feeads Used:

The hay :n¢ silage used in this experimsont were made from grass cut from
pastures on tha ifassey College and L.R.I. farms respectively, during the summer
of 1947,

In general, ihe hay was rathar soor an! sienmy. It mas cut from poor
pasture and gontained a certain amnunt H{ ru hes and weeds. fhe silage,

however, was of better than average quility having been made from 300d pastures
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cut at an early =tage of growth,

Lablae 4. Chami e¢al inalysis of #23ds (/oisture-free basis)
Average Percentage Composition of Feed.
Pead 2srosntaze -
Ty Crude ather To tal crude Iitrogen
Mattar, Jrotein Ixtraot ~sh FPivre free Ex-
tract.
Hay 65.4 6.36 0«81 5.46 36.28 | 59.22
311110 20«5 16,20 1.3 7.62 29420 35493

Ararser
Table 4 =hinwa thair avarazs dry weastaer poroerntafes and percentage compositions.

¥TTHOUS OF

1.

22 IRIHINT .

sroupint of Cows.

of threa c¢cows aach,

ity as possiule in boay wei ht,

in

Tha twelve Jersey Cows used in this axperiment wers divided into four zroups

Th» f>u» outwme groups of

fabla &.

Lfable 5.

tha animals

wata ou the fHur groups of wry

as39,

In tha Expsriment.

oregnati bt ¢9rss8y cows used

condi viorn and date due to calving.

in each trio beinz selected for as much uniforme

cows ind “h3 data used in groupin, them are shown

1 Outoeoma Cow Age at start osive weight | Condition a4f Late] Stage
aroup Name of Ixperiment | at start of | start of Ix-] due of
lo. Yrs. Alths, 3xperiment, pariment. to rreog-
(1p) calw m:{
(M
«ddy 2 10 732 avarase 15/946 | 6.3
I “atie 3 10 749 averago 10846 6.5
Yu fena 3 9 771 . averaze | 168/48f 7.3
Yu ten 3 10 849 + average | 11/9/46( 6.5
IX irt 3 5 €17 avaraJse 48 6.7
Yuscha 3 10 817 averaze /461 7.1
r Vioky 3 9 €60 averass | 178/48] 7.3
111 Ynatta 3 10 662 avaraza | 3Y 74 6] 649
| 3ally 3 9 860 + avera;e | Y9/48] 6.7
Barbara 9 10 714 avera:e xg’/inofe 4.4
IV fie) 10 10 793 < avaraze 8 48] 4.9
frivolous 11 8 7€5 - AVOTase
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FPizure 4 shows the picturs of the 4 outsone groups of cows.

Pizurs 4. The i'our droups of Cows Used in the Lxperiment.
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Figurs 4 (Continued)
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Pizgure 4 (Contiruved)
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2. Sxperimental _ariod.
The experimant consisted of thrse 2-we:k experimental periods (I,II,III)

one pariod {nllowed another directly with no> interval bstween periods for
adjusting cows to change of rations, the re1sHn being that this axperimental
desizn has allowad for such affects of chun; z-0over.

At the baginrning of the experimont, however, a preliiminary faoding of two

weeks, when i mixed ration of hay and sila;? was fed, was allowed in ordsr to



s9t the cows accustomed to the feeds they whuld raceive in th2 3xparlamant,
and to indoor condition and masks, Thu s the total length of period 2mployed
for ths whola: experiment was as follows:
14 days for preliminary overiod
A2 duys for expsrimantal pariod
It was undertazan over the winter moynitns, starting on lst oif June and end-
ins on 27th July.
de Rations Used:

The rations fed in this experiment wsrae:
(1) Hay .. Z£8sd alone ad lib.
(3] 3ilage fed alone ad lib.
(c) 30 1lbe. oi silage plus hay fed ad 1lib.
4. _Feedin; schedule:

The feedin; schedvle by periods for the four groups of cow: are shown in
lables 6 and 7
Table 6. The Feading 3chedule by Jerinsds for Group I & II Cows.

(2 weaks each)

gronn Cow Period 1 ngiod 11 Pariod III
No. Kama, 15/6 - 26/¢ 29/6 - 12/17 1:/7 - 26/7
|
)ﬁdy i‘; B C
Art
I s

wiatie 3 C A
Yutan

é- upena
i | c A B
-Yusuha
Table 7. Iha rfeadinzg Schedule by parinés for Jroup IIT & TV Cows
(2 weezs zach)
{ -
. Sroup | Cow Period I Period IT ' [arfod IIT *
No. | Rame. 15/6 - 26/6 29/6 - 12/7 ' 13/7 - 26/7
| Sally :
i [ A c | B i
| s~arbara @
; ﬁiﬂky i A o
5 \Toy
Ifu“H_ netta C ; B A
T#rivolous : 1




9. _ Management.

During the whole experimental period, the cows were kept from grasing pasture
and housed in the sheds,

Two 3heds of :‘asssy College and Dairy Research Institute respectively were
used (fizures 5 and 6J). The shed at Massey Collsge is jJust an ordinary shed with
six large partitions, the floor of each 1is ooverad with a woocen bnard. Group I
and II ocows wérs kept there. The Dairy 3zasearch Instituts 3hed is an airy feeding
barn, eq:ipped with feeding-stalls (Figures 7 and 8) and water troughs (Fi;urs 9).
The remiinins two groups of cows (3roups III and IV) were kept there. The cows
wersa housed at the sheds during the night. Saw-du3st was used to covar the
floor as beddins, and to prevent the cows from getting sors feet.

'?or a part of saoh day, the oows were allowed to run in a paddock of 1 agre
to exercise and rest (#13'res 10 ard 1llJ.
¥uzzlas were put onto the cows befors they wers turned out. (Fisure 12)
Thas muzzles wsre of Ruakura animal Research's orixin, with ali;ht rmodification,
They ars 3o decijgned that Lhe oows had no acuess tH gruss but oould drink water
when they were in the paddock. (Fizure 13).
fhey were usually Surnead out at noon snd stayed in the paddoo< uvntil about
4 peme, Whan thay would be brousht in for feeds and over the ni:ht., (Figure 14).
[he hind flunk: ard leygs of the animals kapt at Dalry Research Inasd tute shed
wore 3iipped at the start of the experimsnt to prevent them fronm setting too dirty.
All tho aunimal : were groomed aund brushed daily. The shecs were also cleaned daily.

6. Foedin::

The gows werse fed twice daily; ~nce in ths morning at 8 a.~, ané again in
the afternoon, ut 5 p.m. The amount saten durln; the evaning feedini, plus the
anount saten in the following rioming was taken a3 one day's {ntake. They were
fed indivicually, so that any ood left by thse: could be crnvenientl, removsd
and wsai:1ad.

In the Dairy Research Tnsti:zute barn, tha feeding stalls were unsad. (¥izure 15)
In the iiassey College's shed, hay-racksd linasd with cut sacks were aujployed, one
hay=raek of twn diviainns £9r @ach cow. 2ach dvision was further =vb=divided into
two parts by i place cf wod to refrain iiw vows from vthrowln; faeds onto the floor.

The 'A' (Hay) ration was fed ad 11,

Tha 's' (S1lage) ration was also allowed ad 1lib.

The 'C' (Hay and 31lage) ration oconsistec of 30 lb. of silage plus hay fed
ad 11b.

In Massey College's shed, the hay and silage were put to the cows separately,
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one ration at each division of the hay-rack. In Dairy Research Insti tute shed,
the hgy and silage were put together in ths fesdins psn, the silage being put

on the top of the hay with a plece of cut sack in betweon them, 8o that the eows
could aat the 30 1b, 3ilage firast before they ate the hay. The rations,
thou’h fed ad 1ib, were not offered much in e8xcess of the amount they could con-
sume. This was to prevent ths cows from excessive selecting of the better
leafy portion of the feeds and refusing the d&ﬁf!.r part.

All the daily rations of hay and silags offered to them were woighed. The
portion 1left by each cow from the twc feedinzs was removed and weizhed after the
gows wers turned out to exercise.

The animals kept in the Dairy Research Ineitute feeding barn had ascess to
water all the tire, The animals kapt in the Collage's shed were watered three
times daily, once at evaning's feedin , twise in the morning, and they had
access to watar during the time whan they were in the paddook. Ko mineral
supplements were iiven during the trial.

Figzure 6. assey College Shad, The Jo#5 ik chelr Nespecuive lartitions

ara shown.

Fizurs 6. dally Reaearch Instituts shed. The Ccws standins in their

f'eeding Stalls are shown.
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Figure.7. Dairy Research Institute shed feeding stalls, with ons cow
standing in each stall.

¥iiurae b. 4 oloss visw of a feesdins stall.
Fi;ure 9. "ater provision device at Dilry Resoarch Institute shed.

Fizure 10. 4 viaw of the cows on tha paddock.
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Fizure 11. 4 close view of a oow on ths paddook.
rggura 12, A olose visw of muzzles,

rigure 13. Lrinking water wisth muzzle on,



Figure 14. Cows coming in for Feeds.

Pigurs.15. Feoeding Stall at Datel. 310G with feed in ke bin.
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i Sampling of fa3eds and rafused faeds.

A. Sampling of Feeds.

fwo samples,'A' and 'b', ('\' sanpl2e fror feeds offersd to College shed cows
and '3' Sample D.R.I. shed sows) of hay and silagse, offsred to the cows were each
taken daily durins the evening feedinz after mixing the feed. This would give
daily two samnlss of hay and two samples of silage, each silase sample weighed wet
250 grams and sach hay sample 100 grams. The rcason for taking Hnly 100 grams
for hay sample was that it was too bulky to handle when it was taken at 250 grams,

These feed samples (two hay and fwo 3ilage) were dried at a temperaturs of
166°F, in an elasotric oven at 2.R.3. for about six hours.

After the molsture was determined, the moisture-free ha& and silage ware
ground and a reanresentative portion of each of them was then put into their res-
pective air-tizht bottlaes.

At the end of the axperiment, duplicate composite hay and silage samples
wers sach tatsn frox she ground samples for chomiocsl analysis.

the average dry mattar percentage of thie two samples ('i' and 'B') of each
fazd was used for calculating the daily dry matter intake for all cows.

B. Samplinzg of Refused Feeds.

At nocn of each day sach cow's refused feed from the evening and morning
feed was reroved and wai:hed.

AfGer mixing, a sample for each cow was taken daily, the- silage sample
weighed wet 250 grams, and the hiy sample 100 grams.

This would give dally the following number of samples of refused fesd.

4 hay samples from four cows oun hay
4 silage samples from four cows on silage
4 hay samples fron four cows on hay and silage.

Ssmples wers not taken from refused feeds wei;hed 1ess than 2 1lb. and the
average D. .% determined from the other samples was used. These samples of
refused feeds (8 hay and 4 silage) were also dried at a temperature of 165°F
for six hours. No chemical analysis of refused fzed was attempted owing to
the number of anslysess involved.

G deizhing of animals,

dach animal was weighed weekly, on Tuesday before the morning feeding.

9. Collection of_ data.

The followirng records were collected add kept:
a. Weights of all feeds daily offered to and refused by each ocow.
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b. Weskly weight of each animal,

(- D.ll. percentages of ull daily feed offered and refused by

each cow,

d. Chemical composition of rations offsred to the cows.

The health and condition and peculiarity of the cows were observed from

day to day during the whole experimental period and all facts of any apparent

significance or value were recorded as notviced.
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Section V. RWSULTS.

3efore the recorus of foo¢ conmungtion are oeonsidered, the following gen-
eral obsarvations may be noted.

At ne start of the experiment, all the animals showbd s8igns of restlessness
whan tha; wer2 first being nut indoors and their appetites fluctuated from day
to day considerably. Apparently this was dus to the fact that they had not
been used to the indoor condition previously, and didnot like the sudden change
of environment. Howsver, after the two week's preliminary feeding period, thoj
‘had bascome thoroughly accustomed to the new condizions, and settled down well.
All the animals, excapt two (Sally and Frivolous) which were nervous, were rather
docila throughout the expsariment and there was no difficulty ir getting then
indoors for feeds and in handling them,

The animals ate hay or silage readily, though they did not seem to eat
el ther feed to thair full capacities, Svery cow displayed the keenest intersst
in each now fead (hay or silago) of fered aut the beginuing of each period, but
after thev had bean on thut naw feed for a week or 80 they marifested a desire
for other feed, i.e. if thay were on hay thsy developed a oraving for silage,
and vice versa. This intveresting fast that cows desired a change of feed, or
variety in their diet was further indicated by the observation that, when both
hay and silage were offered at the same time, the cows which had been on either
as the sole rcughage during the previous'period, almost always showed a very
definite preference for the other for a few days.

The animuls not only desired a change of feed, but even z change of quality
within t¥e sume feed. An offer of brown sweet siluge from the top of the stack
instead of sreen sour silage from the bottom of the stack or vice versa provided
a stinulation of appetite for the animals.

Jhan a quantity of feed much greater than they could normully consuiie was
offered, they ate more, possibly due tn the faoct that they could select more
frecly the more leafy and palatable parts and leave the coarser parts.

When ieed of better gquality was offered, they also ate more. This was
2332¢13l1ly so in the case of hay. A large amount of feed was usually refused
whan %ha hay ~ffered contained a certiin arount of iushes. Speakirng generally,
the unws sacmad t0 relisn silage nore than uyy. This was inuicated by their
preference for the former after they had been on both fesds for threse or four

days irrespective of which fsed,as the s0le ration, they were on previously. On
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the adther hand, they did not apps3ar to show a consistent appetite for silage

as for hay. On bhey, thoy had stown on the whole, a falrly constant appetite
thronghout the experimant, but ov =ilaje, the first four or five days of every
period, th~y showed a falrly ksen appetite; after four or five dgys, thers was
in 9very »2rind : distinot fall in oonsuvmntion. This was especially so at
Period II whsein the siluge offered containid a large percentage of moisture.

Therz was a considerable amounc of szlection in the sonsumpeion of both
raticns, especially ray. The refused feeds were usually the coarsaor and more
steammy parts of the feeds.

The cows on the same ration varied considerably in their appetites; while
soma cows ate their food cconsistently from day to day, some appeared to gorze
themselves one day and lost thelr appetites the following day. The animals,
(cows of Jroup II) whrich wers very drcile throuzhout the experiment consumsd
ncticazably rore than those which were 1ess gquiet. (Cows, Sally and Barbdara).

The two groups of sows (Group [ and [I) which were kept in the (ollega
zhed had more freaiom of movement durinz the feedinz hovrs than those two Zroups
(Group IYI ancd 1V) kent at twhe Talry Research Institute feeding barn and appear-
ed to eat considerably more, dbut whether the freedom of movement during the
feeding hours was the factor responsible or not is not known. During the period
when the cows wera indoors (from 4 p.m. to 12 a.m.) those on hay alone were est-
imated to drink from four to s8ix zallons of water; the cdws on hay plus silage
drank abvout half this amount, while the cows on sllage drank very little.

Throu;nnut the experiment, temperatures were cool. The mean maximum temp-
~erature for ths entire experimental period was 55.4°F and mean :inimum 40.6°F.
The daily meteorological dataills for the whole trial are shown in appendix.
(Tables IXX to XXXI).

Data nn averaze dally reed, dry matter, P.L.N. Consuiption and live weight
change of cows for Periods I, II and III are showr in tables 8, 9 and 10 respect-
ively.

Ir apperdix I, ars given the day-by-2ay records nf consumption (Tables I to
XXV). ‘the hay offered to the cows at rericd I, II and III was very much the
sa.le in dry matter percantage, the averazse for Period Y, II and III being 85.6,
65.1 and tS.% per cent respectively.

The il age off:rad tc the cows durlng the threc periods, however, owing to
ths fact that it carie from differentv position iIn the stack, varied in dry matter

percentage. @ The silage offered at Period II had a distinetly lower D.M. Con-
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tent, the average for the period being 17.6% as compared with 22.6% for Period

I and 2l.4% for reriod III.



Table 8. DATA OF AVERAGE DAILY QONSUMETION AND LIVE WEIGHT GHANGES FOR PERIOD I. (14 days, 16/6/48 - 28/6/48)

=
[Qut- | Cow name.| Av.Live]l Ration| Peed Consumed D.M. Gonsumed. lp, D. W, Live | Liwe |Gain(¥) or Ig8s(-)
gomse Waight W, wt. in weight
Jroup for the Par per 1000 Qer Per1000} ~Per | Per |22er Excess(+} at at (1b) (ﬁ)
veriod. Cow. lb.Live Cow. iv.Live Cow | 10601 cow jor Def- |start| end
(1v) (1b) | W&, (1b) (1v) Wt.(1b) ]| con- | Live| req- |ieiency(-)| of of
amed { Wt. | ulred| bl (§)|Period | Period
(lb)| ans-] (1Db) (1p) (lv)
uned,
(1b) i
I Addy 738 Hay 19.4 263 | 16.7 22.6 9.98] 13.5| 6.09}3.69 .64 732 757 | +26 +34
IT | Art “840 Hay 22.4 | 26.7 19.3 22.0 |11.54]| 13.7| 6.80f4.7 +m| 617 | 832 | +356 | +43
ITI Sally 864 Hay 16.9 19.6 14,7 17.C €.79] 10.2| 7.00|,1L.® 26| 860 €68 | + 8 ;g?'o':'.
IV Barbara 716 Hey 16.7 250 ‘14,5 8C.3 | B6.67] 18.1| 5.91 k276 A7 | 714 785 | +11 sy
Avorage of 4 odws 79 0 - 18.9 25.9 16.3 20.6 9.74| 12.5 | 6.44 [ 3.20 +01 | 761 801 | +20 25
Ray 12. 6 16.3 1.8 22,9 )
I Yupena 75 17.8 10,93 ]| 14.1 | 6.36 |+4.57 472 | 771 73 +2 40.3
| Silage |20.0 38.7 6.8
Hay 17.1 | 20.4 Mgav 5.8 |13.26]15.8 | 6.¢ 6 95| 617 | e51
II Yusoha 840 Sﬂsa 3000 35.7 6.8 . 2-3- 3.2 ° .60 +64 49 434 *z
Hay 10.8 12.7 96
1I1 Ynet ta 853 16.4 19.2 |10.09 {11.8 | 6.91 Lk31s 46 | 862 864 + 2 .2
Sflage |29.8 34,9 6.8
; Hay 11.6 14.9 10.3 .
V P i S 77 e « ') [ ) [ ] L] . s ]
I rivolou 7 Shage {2040 L e 6.6 171 22.0 |10.51 |13.5 | 6.33 he.1e 466 | 785 7€9 4 +9.5
| . : 1.5 =4
Averate of 4 cows 811 an — 6B e 18.3 22.6 [11.22 |13.8 | 6.61 461 470 | €09 819 440 +L2
Silage  130.0 27.0 68
1 Katle 748 Silgo [71 0 94,9 16.1 216 10430 {13.8 | 6.17 [4.13 £7 | 749 767 | a8 +8.4
11 Yuten 858 Silago 76,7 69.4 17.6 2.5 1.26 |13.1 |6.95 |,4.:51 £ |849 874 |85 +2.9
1 Viocky 864 Silage [79.8 90.3 18.1 20.6 1.58 |13.1 [7.07 |~|.a $4 |860 892 |[4l2 4.4
1V Toy 764 Silage |63.2 E0. 6 14,2 1e.1 9.09 {11.6 |6.39 p2.0 42 |793 m™Mée |-l7 -2.1
————— e
Averagde for 4 cows 819 2.7 £8.7 16.5 20.1 [10.66 {12.9 [6.68 [3.88 B8 |616 827 +9 +11

“1. Oaloulated on dry matter consume assumed digestibility; digesti & 4 37
zor g8 agd agtter consum %r? (} gosamo aggg. y; digestion coefficients taken from Watson & Horton (317 )

2. Caloulated from Morrison's Peeding standard (36 ).
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Table 9. [. (14 daye: 29/6/48 - 12/7/48)
1I;u_t-- cow r;azﬁej Av.Live | Ration| Feed Consumed D.M.Consumed. 1’1‘. D. N. Livw Live | Gein(+)ar Loas(~) |
>ome wWeight wt. wt. in weight -
Broup. for the Per per 1000| Per per 1000 | Per Per |Por | Bxcess()|at at (1v) (%)
Period. Cow 10.Liv ccw. 1b.Live | Cow iom cow or duf= |stat end
(1v) (1b) | wt.(1p)| (1b) Wt. (1b) | e . re- | icienecyQ| of of
swed |Liwe | qired] (b) (7A|Rericd| Perio
(1b) | wt. (1b) (1b) (1b)
cang-
wed.
(1b)
1 Yupena 796 Hay |21-1 £6.5 18°0 226 1076 | 135 | 6°49]+4-27 466 | 773 811 | +33 +47
II Yuscha 872 Hay 237 g7-c 20°2 23°8 12:07 | 138 | 7-06]+5°01 +7. | 851 834 | +33 _+3°7
III Vicky 906 Hay 173 191 149 16°5 8°91 | 9°9 | 7-24|+1-67 +BDB | 892 206 | +14 +1°5
IV Toy 800 Hay 16°5 19°4 134 16-8 8:01 | 100 Ge02(+1°49 +23 | 776 €03 | +27 +3°3
H-é!gggggzgg:‘é:ggw 2222::::*:}:{::::: :%%_;%:z ‘-‘.g]':%;%: === ::%géf:::: ===.]:2—._.—7_—.==ﬁ ::2;25 = :!-_-%;2: :g;ggq ":4:{2_;9_231.‘:_';‘5—_ —gz—g :+=§E;J= = ...t%g::::: :::::g;:zza
I H{atle 783 =y ’ : : . n. .p C .7 e : = 19 5
a Silage |30-0 38+ 3 -5-81_4’ 4 1c-°4 8-83( 11-3 | 6-38|+c45 +38 | 767 785 | +13 +2°3
, - Hay 14°3 16-8 Bl T — or . . . \ .
II Yuten 903 Silage | 296 528 5.21'7 gl 19-4 1074 11°9 | 7°22]|+3°52 +49 | 874 917 | 43 +4°9
- = Hay 11-4 12°9 100, . — a2 . . — i
III 3ally 335 silage | 30+0 B5e0 5_315 3] 173 9-37| 10°6 | 7-08|+2°29 +32 | 868 899 +31 +5°6
IV | Barbara | 730 Hay 9:7 | 185 €111 19-3 8-65| 119 | 6-02|+2+65 +a | 725 | 727 |+ 2 +0°8
Silage |30°0 410 53
Aversge| of 4 cowg 825 Hay |11°56 [ 13°9 10°C15-4 13- 5 57| 1144 | 6-72|+2+65 +30 | 808 | 832 | +22 +3°0
Sliage |29:8 36°1 1°3
=====“::=l:=—.— E==== r-'z;::::::h:::::z:: S+ et et e . R s i St P R i P Rt R R e R e e S R P
I A3y 743 Silage | 407 £G6-9 & li-4 &-44 73 613 -0 09 =11 | V57 724 =53 =44
S B ————
311 art 855 Slage | 83°8 980 148 17-0 c-34f 10*9 | 6:03|+2°41 +35 | 8562 857 |+ 5 +0°6
III Ynatta 847 Silage | 45 4 636 30 8+5 5+12] 60 6°86| ~-1-74 =25 | B84 825 =59 -4°5
IV Frivolaous| 778 Sllage | 61°3 78°8 1C-8 13-9 6°9)1] 8:'9| 6:33|+0°C5 + 8 | 789 0 | -lYy -2+ 4
Averagsl cf 4 cggg__f'_,(_)?____ 1600 | 74-4 | 10'5 130 _6:72] 8-3| 6:57[+0°i6 + S 1816 | 794 |-23 -R+7
1 Calculsted or <ry matter consurmed and assurec dipecctivility; vigestion covrriciants takea frow watson & Jorten 37 ) for hay

and Sears & Siil (18) for silage.
2 Calculated from liorrison's Feedling Stendard (36
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TABLE. 10. DATA OR AVERAGE (14 days: 13/7/48 - 26/7/48).
ut- Cow name. |JAv.Live|Ration | Feed Consumed D.M. Consumed. 11'. D. K. Live |Iiwe Gain(-?or Las (=
ome Weight wt. |wt. in weight
TOUP. for the Per perlO00 | Per per 1000 | Per | per 2Per Excess) at at (1v) (%).
Period. oow 1b.Iive Cow 1b.Live | cow | 1000 Cow [|or Def- staxt |Bnd ,
(1b) (1 wt.(1b) | (1b) wt.(1b) | can~ | 1b. re- ieie:w@& of |of
sunel | Live (1b) )| Feriod |Period
(1b) | wt, 1b) (1v) |(1b)
cas-
umed.
(1b)
I Katie 7856 |Hay 166 210 14-4 183 8:61 | 110 6+40 |+2-21 +35 7856 779 | - 6 08
II Yuten 928 Hay 211 227 18-2 19°6 10'5' 117 742 | +3°46 +47 917 936 +19 +2°0
III Yhetta 837 Hay 188 22-1 160 191 956 | 114 6°78 [+2°78 +41 | 825 844 | +19 +233
IV Privolous| 783 Hay 1656 211 14°6 18-6 878|111 6-38 | +2-35 +37 770 793 +33 +2°9
verage |of 4 cows| 833 j18-2 218 168 190 944|113 6°78 |+2-69 +40 824 838 +13 | +41°6
======3=:====§==T====8=8 =ﬂ==z=======*=l=-====m=l======“=- P — - D it 3 ==“~=qtﬂﬂ==t_—=====k=="-===.‘:=
1 |aaa 749 (DY _ |12°2 16°3  110°5 15.5 | 21:8 | 9:99|18:0 | 618 |+3-81 +62 | 724 | 771 | +a7 |+6°8
y Silage |27°3 36°4 5°8
Hay 12°9 150 WL o, . . . ; . a - ;
I1I Art 861 Silage |29-0 338 62 173 20°1 10°61 ) 12°S 6°97 | +3°64 +52 857 873 +16 +1°'9
Hay 130 14°2 14 ... ] . y ] . .
‘iII Vicky 918 Silage |30°0 507 64 178 19-°4 10°91}| 11-9 734 | +3°57 +49 90_6 929 +23 +2°5
Hay 93 115 84
IV Toy 81l 14-8 18°3 9-32| 11-3 6°61 | +2°51 +38 803 827 +24 +3°0
Silage | 300 370 6-4 :
Hay 11-9 143 10-3
ver of 4 cows| 836 . . .o 16°*b 19-8 1013} 12°1 676 3-37 +60 | 822 850 28 +3°4
I Yupena 798 Silage | 69°'9 876 14:9 187 9- 64 120 6:50 | +5°04 +47 811 702 -19 -2°3
II Yuscha 865 Silage 810 93°6 172 19-9 1+0% 12°7 701 | +4°00 +57 884 867 =17 =19
111 Sally 913 Sllage | 733 80°3 15°6 22X 9- 98 10°9 | 7:30 | +2°-68 +37 899 944 +45 +5°0
Iv Barbara 715 Silag | 572 80-0 12°8 17°2 | 7°87 | 11:0 590 | +1-97 +33 | 727 | 705§ -22 | -3°0
Averége of 4 cows 823 704 856 150 18-2 960 11-7 6°71 | +2°89 +43 830 827 -3 -04
‘================ﬂﬂ"—-"‘===== — 3 S 4 p—r F——F_ e F e F - - b F o - b b b b gt b L Lttt E ¢ S gttt - ]

1 calculated on dry matter consumed and assumed digestibility; digestion co-efficients talen from Watson & Horton (37) for hay,
and Sears & 8111 (1?) for silage.
2 Calculated from Morrison's Feeding Standard.
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Peed Consumption.

The individual cow's average dally feed consumption for each period is shown
in Tables 8, 9 and 10. The average daily consumption for 'A' ration (hay) was
mach the same for the three experimental periods, being -~

16.9 1b, for Period I
19.4 1b, for Period II
18.2 1b. for Period III
Por 'B' ration, (silage) however, it was not so similar, being --
72.7 1b,., for Periou I.
60,0 1b. for Period II
70.4 1b. for Period III.

In Period II, the cows consumed on the average much less silage than the other
two periods. The possitle cause of this will be discussed in Section VI.

Por 'C' ration (Hay and Silage) it was

30,0 1b, silage and 13 1b. hay for Period I.
29,8 1b. silage and 11.5 1b., hay for Period II.
29.6 1b, silage and 11.9 1b. hay for Period III.
Por the entire experiment, the average daily feed consumption was:
16.8 1b. of hay for the cows on 'A' ration.
67.7 1b, of silage on 'B' ration.
and 29.6 1lb. of silage plus 12 1b. hay on 'C' ration.

The highest average daily consumption by any individual cow for hay was 23.7 1lb.
(Yuscha), the lowest 15.5 1b., (Toy); for silage, the hizhest 83.8 1lb. (4rt), the
lowest 45.4 1b. (Ynetta) and for the hay portion in ration 'C', the highest 17.1 1lb.
(Yuscha), the lowest 9.3 1b. (Toy).

Per 1,000 1b. 1live weight, the anount of feed consumed daily were:

22,9 1b., hay for *A' ration
62,9 1b, silage for 'B' ration
and 35.9 1b., silage plus 14.7 1lb. hay for 'C' ration.
(Note: - the silage portion of 'C' ration was not fed ad 1ib. The cows were allow-
ed to eat 30 1b. per day plus hay fed ad 1ib.)
Dry Matter Consumption:

The average daily dry matter consumption of each cow for each period is shown
in tables 8, 9 and 10. For the experiment as a whole, the average daily dry

matter consumption standard deviation and coefficient of variation for the animals
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Table 11. Average Daiiy Dry Matter Consumption on the Three Rations.
ation Hean Consumptulion Standard deviation | -'ES-STIHGIEH'E
o
(1v.) (1v.) VYariation.
(4).
A (nay) 16.2 1.94 12
B (Silage) 14.0 3.21 23
¢ (30 1v.
Silage
ad 1ib. )

The range of the amount consumed dally was much greater for B ration than
for the other two:

for A ration, from 13.4 to 20.2 1lb.

for B ration, from 8.0 to 18.2 1b. and

for C ration, from 14.1 to 21.7 1lb.

Per 1000 1b, live weight, the pounds of dry matter consumed per day were:

19.7 1b. for ration A
17.2 1b. for ration B and
20.3 1b. for ration C.

The average daily oconsumption for ration A and ration C was very much the

same for thé three periods; for ration A, being 16.3 1b. for Period I
16.6 1b. for Period II
15.8 1b. for Period III
for ration C, being 18.3 1b. for reriod I
15.3 1b. for Period II
16.5 1b. for Period III

But for ration B, the average consumption was very much lower for Period II,
when silage offered contained a large percentage of moisture, being 10.5 1b. per
day as compared with 16.5 1b. for Period I and 15.0 1b. for Period III.

Except that in Period I when cows consumed slightly more of ration B than of
ration A, and that in Period II, sli:htly more of ration A than ration C, for the
entire experiment, the consumed dry matter for the three rations was of the foll-
owing order:

l. C ration
2. A ration
3. B ration.

But a piocture of differences in dry matter oconsumption between rations is not com-
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pleted until statistical analysis is applied to estimate the variability of the
data as infiuenced by differences between cows, batween groups, and betwden periods
etc., also to adjust the carry-over effect of the rations,

Adjustment for carry-over effect was carried out by the method of least squares
(7) and the whole procedure is prasented in appendix 2.

There were 1ittle differences in mean dry matter consumption psr cow per period
of two weeks befors and after the adjustments indicating little carry-over effects
of the rations were present. (See TableXXXVI in the Appendix).

Simple analysis of varlance, as given in table 12, is used to break down the
ration differences. The details of analysis are given in Appendix 2.

The separate group analyses are showm in table XXXIII.

Table 12. Analysis of Variance of dry matter Consumption Units: Total
Consunption Per Cow Per Period (two weeks), in 1b.

Souroce of Degrees Sum of squares, Mean squares. | P
Variation. of free-
dom.

Between Giroups |- 3 17036 5678 33
Between cows '
within Groups. |- 8 8492 1062 N.S.
Bstween Periods|- 2 9752 4876 S.S.
Period X Group
Interaction. - 6 2114 352 N.S.
Between rations 2 9914 4957 S.S.
Ration X 3roup ) : )

Int t1 6 967 161 K.S.

preraction ) 14 ) 7362 ) 526
Error 8 ) 6395 ) 799)
Total . &b 54669

The analysis reveals that the differonce between rations are approximately
the same in all groups; 1{i.e. the "ration x group interaction” mean square is
less than the error mean squars. Hence this term was included in the .xperil
mental error.

The mean square of the ration effects, 4957, is significamhtly greater than
the error mean square, 528, signifying that there was an appreciable difference
between the rations in dry matter consumption. However, subdivision of sum of
squares of ration-effeots (34) as shown in table 13, shows that the difference
between ration *A' and 'C' 18 not significant. Consequently the hizhly signif-

icant difference was only between ration 'i' (or *'C') and ration B.'
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Table, 13. Subdivision of Sum of Squares of Ration effects.

Source of Desrees Sum of squares. Mean squares | P.
Variation. of

Freedom.
Betwesn rations 2 9914 49567 S.S.

Betwéen rationB
& Ration A plus
C. 1 9661 9661 S.S.

Betwesn ration
A and C. 1l 253 283 N.S.

Table 14 shows the dry matter consumption totals and mean units for each ration

and the standard error per cow.

Table 14. Dry Matter Consumption Totals and Mean Units:
lb. for 2-wesk periods.
Ration Ration totals Ration Means Standard error
(18 oows) per cow.

A (Hay) 2729 227.4
B (Silage) 2351 195.9 1 6.63
C (Hay plus

silage. ) 2807 233.9
General total 7887 General msam £19.1

The standard deviation of the error term is 22.93 1b. ( /586) or 10.47 per
cent of the general msan 219.1 1b. The standard error per cow for a 2-week

period 18 6.63 1b. (22:33 ) or 3,03 per cent of the mean.

/1%

These differences in dry matter consumption between rations can be shown more
clearly in the following figure 16, which shows graphically the total dry matter

consumption for each ration, for the entire trial,

The dally dry matter consumption for each period is shown by ocurves in Figures
17, 18 (each curve is an individual cow's record) and Figure 19 (each surve is the

average record of two ocows).
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An inspection of the above curves reveals a number df features connected with
the influence of rations on dry matter consumption:
z silep e
1. The ohange from hay or hay plus silage,always resulted in decreased dry
matter consumption, but the reverse was not always true.
2. Adding silage to cows receiving hay ration (i.e. change from hay to hay plus
silage) always led to an increase of dry matter consumption, but adding hay

to cows receiving silage ration (i.e. change from silage to hay plus silage)

gave inconsistent effects.

3. The consumptionfor ration 'A' (hay) and ration 'C' (hay plus silage) tended

to be increased slightly towards the end of each period. On the oth;f hand,

there was a tendency for a drop in consumption for °'B' ration (silagelto-

wards the middle and end of each period. This drop in consumption was esp-
ecially marked in Yeriod II when ths dry matter content of silage offered was
low.

The summation of dry matter intake of all cows in each period (Figure 20) ind-
icates that the cows consumed the largest amount of dry matter in Period I, the
lowest in Period II. fThe amount consumed in Period III was intermediate of the two.
This was not to be expected. Normally one would expect the consumption in Period
III to be the highest since fhe cows were more accustomed to the rations and indoor

conditions.



Statistical analysis (Table 12) has shown that these differences in dry

matter consumption between periods are highly significant.
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However,

subdivision

of sum of squares of Period affects (Table 15) (34) shows that there was no

significant difference between Period I and Period III.

nificant difference would be only found between Period I ( or Period III) and

Hence the highly sig-

Period II.

Table 18. Subdivision of Sum of Squares of Period Effects.
Source of Degrees of Sum of Mean
Variation Freedom. Squares. Squares. P.
Between Periods 2 9752 4876 S.S.
Between Period
IY and Period I
plus Period III 1 68002 8002 S.S.
Between Period
I and III. 1 | 1750 1750 N.S.

The dry matter consumption of each group of cows is shown in Figure 21

(for each period) and Pigure 22 (for ths entire experiment).
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It can be seen from FPigure 21 that in each period the total dry matter con-
sumption differed appreciably between groups. For the experiment as a whole
(Pizure 22) Group I and III were similur in the total amounts consumed, but
Group II consumed much more, while Group IV consumed considerally less than Group
I or Group III.

The P test (35) has revealed that these differences in consumption between
groups are highly significant (See Table 12), the mean square for that term being
5678 as compared with only 526 for the error. This, with the fact that differ-
ence between cows within groups are not sisnificant (Table 12) shows that the
arrangement of cows into the four outcome groups was well Jjustified.

The fact that the amount of dry matter consumed was not related to body
weizht, age or stage of pregnancy is interesting, but this will‘bo discussed
in Section VI.

T.D.N. Consumption:

Table 8, 9 and 10 show the calcwlated dally P.D.NH. consumption of each cow
for each period. In galculating thie nutrient requirements of the cows, the
hizher optimum requiremsnts for nutrisents to sustain body maintenance as outlined
in Morrison's Peeding Standard (36) were employed, and the average body weights
of the cows for each period were the basis.,

The nutrients consumed were calculated from the average daily consumption of
dry matter (Table, 8, 9, 10) and from the Chemical analysis for the hay and silage
used in the trial (Table 4).

The digestion coefficient of nutrients were taken from Watson and Horton (37)

for hay and Sears and Sill (18) for silage. These are shown in the following

Table 16.
Pable 16. Coefficlent of Digestibility for Hay and Silage as reported
— by other Investigators.
(on moisture-free basis.)
Crude Ether Crude
Feead Reported by Protein Extract K.F.E. Fibre
; % % od
Hay Watson & Horton 45.0 32.0 66.0 64.0
Silage Sears & Sill 50.1 3.8 64.8 78."7

There are no digestion coefficients entirely satisfactosy for spplisation to

the hay used, but since the hay fed in this trial was cut from poor pasture and

had low protein content (6.36%), 1ts digestibility would be similar to that

obtained by Watson and Horton with poor hay. The material they used had a
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orude proteln content of 6.54 per cent, and orude fibre of 40.16 per cent,
which was comparable to that used in this trial. The ocoefficients were obtain-
sed with sheep.

FPor silage the reason for taking the digestion coefficient from Sears and
S111 was that apart from the material they used to obtain the coefficients being
similar to the silage fed in this experiment (orude protein 11.5% and orude fibre
32%), the condition and the animals (dry Jersey and Friesian cows) with which the
coefficients were obtained were comparable to this trial.

The ocalculated percentages of digestible mutrients for the hay and silage
used are shown in the following table 17.
Table 17. Digestible Nutrients of Hay and Silage.

(on moisture-free basis)

Pesd Crude .Bther N.F.E. Crude T.D.N.
Protein Bxtract % Pibre
% % %
Hay 2.86 Q.58 31.10 25.23 59,77
Silage 8.12 l.74 23.28 ‘30.88 63.99

For the entire experiment, the mean daily consumption of T.L.N., the standard
deviation and coefficient of variation for the thres rations are shown in the

following table 16.

Tablelsb. Average daily T.L.li. Consumption on the Three Rations.
R Mean Standard Coefficient
ation Consump tion Deviation of
(1v) (1v) Variation.
. (%)
A (Ray) 9.7 1.39 14.3
B (Silage) 8.96 2.18 24.3
C (30 1b of
Silage
plus h

The pounds of T.D.N. consumed per day per 1000 1lb. live weizht were:
11.8 1b. for A ration
11.0 1b. for B.ration
12.4 1b. for C ration.
As in dry ratter consumption, the range of consumption was much greater for

B ration than for A and C, as shown in ‘table 18. Likewise, the differences in

T.D.N. consumption between rations paralleled closely those in dry matter con-

sump tion, the C ration being consumed the hizhest amount, followed by A ration
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and then B ration in that order. But the differences were not so marked
as in dry matter consumption owing to the faet that the T.D.K. per cent of
silage is higher than that of hay.
In each psriod, the cows on easch ration consumed on the averaze oonsider-
ably more nutrients than they required for maintenance. The average excess
in nutrients consumption for the whole experiment when measured against Hbrriaon'g
"higher" optimun requirement was:
45% for the cows on hay ration
34% on silage ration, and
5%% on hay plus silage.
The excess for the cows on hay ration and those on hay plus silaze was con-
sistently hizh for the three periods; for hay being 51, 45 and 40 per cent for
Perind I, II and III respectively; for hay plus silage, 70, 39, and 50 per cent.
The excess for silage was rathsr inconsistent, being 58, and 43 per eent
for Period I and III, but only 2 per cent for Period II..
among the individuual cows, ocows on hay plus 3ilage or hay alone all consumed
nutrients in excess of thelr requirements, One cow (Yuschal on hay plus silage
c'n3umed an amount of 95 par cent above har maintenance requirement, and one cow
(Art) on hay as much as 70 per cent above requirements. The lowest excess on hay
plus silage ration was 32 per cent by Sally; on hay 23 per cent, by Vicky and Toy.
On silage ration, two cows (Addy and Ynotti) in Period II failed to consume
sufficient nutrients to meet their caloculated requirement, being 11 and 25 per
cent deficient respectively. One cow (Privolous) was barely able to maintain
herself, consuming 8 per cent excess. The largest excess on silage was 67
per cent, by Yuten.

Changes in Body Weight:

The gain or loss in weight of each individual cow in each period is shown in
table &, 9 and 10. The detailed data on body weight of cows are given in Appen-
dix I (Tables XIVI to XXVIII). A number of factors made it difficult to deter-
mine ths effect of rations on live woeight. These inaluded variation in food
intake, and water consumption, different in zut content, stage of growth of the.
animals, and stage of pregnancy etc.

» It will be noted from table 8, 9 and 10 that there was a few casss in which

animals lost weight despite the fact that their calculated nutrients consumpt-

ion was considerably above requirements. (The possihle causes for these discrep-
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ancies will be discussed in Section VI) However, in general, the gain or loss
in weizht of cows parallels rather closely the dry matter and T.D.N. consumption.

Por cows on hay ration, the average gain in weight for Period I, II and III
was 20, 28 and 13 1b. respectively (or 2.5, 3.4 and 1.6 per cent of their initial
average body weight);

On hay plus silage, the gains wers 10, 24, and 28 1b. (or 1.2, 3.0 and 3.4 per
cent of body widight ).

The cows on silage gained on the average 9 1lb. (l.l, per cent of body weight)
in period I, but lost22 1lb. (2.7 per cent of body weight) in Period II, and 3 1b.
(0.4 per cent of body weight) in Period III.

For the entire expsriment, the average gain in weight was 20 1b. (or 2.5 per
‘oent of their body weight) for the sows on hiy ration, and 21 1b. (2.6 per cent of
body weight) on hay plus silaje; the cows on silage ration lost 16 1b. (2 per
gent of body weight) on the average. The curves in Figures 23 and 24 show graphic-

ally the bhdy weight ochange in eagh cow for each period.
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Prom a study of thess curves and those in Figure 17 and 18, it can be seen
that the curves for tody weight follow fairly closely those for dry matter ocon-
sumption.

In general, the cows on hay o> hay plus silage tenied to increase in weight
while the cows oun silage tended to lose weizht, with the exception of Yuten and
Katie in reriod I, Art in Period II, and Sally in Period IJI, which inoreased or
maintained their weights. The gain or loss in weight of cows quoted ahovo‘haa
not allowed for inoreased weight due to foetal development. The gain would have
been 1less or the loss more were a weight allowance due to pregnancy made. However,
sinoce stage of pregnancy was one of the factors to be considered in grouping the
cows, and since one cow from each group was on each ration in each period, the in-
ocreased weight due to pregnancy would not make the estimate of ration effects on
body welght blased.

The followinz table 19 shows the stage of pregnancy of and a weight increase

due to preznancy for each cow. (Based on data obtained by Dr. L. Wallace, of
Ruakura Aaimal Research Station, from the slaughter of pregnant Jersey cowsl.
It will be noted that within each group the gows were comparable, except possibly
with Grou; IV which incliuded one empty cow (Frivolous). However, since Dr. Wallace's
data is vased on the average cow, the weight increase dus to pregnancy df each
individual ocow might vary widely.

Table 19. Body Weizht Inorease due to Pregnancy during the Experiment.
(Based on Dr. L. Wallaoce's Data).

Sroup Bod Cow name. Stage of pregnancy Weizht increase
Start of Expt.| End of Expt{ due to foetal
{Mos. ) _ (Mos ). development.(1b)
. Addy 6.3 7.6 20
Katie 6.5 7.9 25
Yupena 73 8.6 30
Yuten 6.5 7.9 25
II Art 6.7 8.0 26
Yusoha 7.1 8.4 33
Vicky T3 . 8.6 30
IYI Ynatta 6.9 8.3 28
Sally 6.7 8.0 26
Barbara 4.4 5.7 10
IV Toy 4.9 6.3 12
Frivolous Empty ? ? ?
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Health and Condition of the Cows:

The cows were in noticeably good crndition when they were on hay or hay plus
silage. When on silage ration, they scoured as a rule after they had been on
the feed for two or three days. This was especially so in Period II when the
81lage offered was from the bottom of the stack and contained a large percentage
of moisture. When the cows werse scouring they lost their condition slightly and
did not show such gnod flesh as the cows on the other two rations; However,
they appeared to be in normal health, and recovered their oondi tion as soon as
they were changed on to hay or hay plus silage.

In the last few days of each period, the cows on hay alone occasionally
showed sizgn of constipation.

Two 0ld cows (Barbara and Frivolous) developed sore feet during the trial

dus to long hours of standing on the concrete when receiving feeds.



Section VIX. DISCUSSION.

The results of this trial show that with feeds of the type and quality

used in the experiment, a dry Jersey cow will eat

16.7 1b. of dry matter on hay plus silags

16.2 1b. on hay, and

14.0 1b. on silage.
Although these resul ts were obtained with a small number of animals and from
an experiment carried out in a short period, they indicate the respective limits
of a dry Jerssey cow's appetite for the three rations concerned. This inform-
ation is important in dairy cattle feeding in New Zeal and, where 75 per cent of
the dairy cattle population is Jersey (38), and over the dry period, the dairy
cows live chiefly on hay and/or 3ilage such as those used in the experiment, with
little pasture available.

The ohief problem in using hay and silage as a feed for dairy cows is that
hay is low in nutrients whereas silags is low in dry matter as well as nutrients.
To obtain an adequate supply of nutrients for maintenance and production, a dairy
cow on rouzhage ration must eat a large quantity of dry matter. Since the ocap-
acity of a cow to deal with bulk i3 limited, it 18 essential that the roughage
ration should be of such quality that sufficient nutrients within the limit of
her ingestive capacity are provided. The information obtained from this trial
thus provides a basis for such oconsiderations, whenever faeds of the type and qual-
ity used in the experiment are fed to ocows.

Expressing these results per 1000 1b, live weizht of the cows, the daily dry
matter intake was:

20,3 1b. for hay plus silage

19,7 1b. for hay

17.2 1b. for silage
This appears to contradict the common belief that a dairy cow's appetite in terms
of dry matter is 24 to 2% per sent of her body weight. As far as the dry Jersey
cows used in the experiment are ooncerned, they ate an amount of dry matter vary-
inz from about 1.7 per cent on ailage to about 2.0 percent orn hay plus eilage of
their body weight. A comparison of dry matter intakes obtain2d from this
trial (on 1000 1b. 1ive weight basis) with those obtained by other workers is

Ziven in tha following table.20.
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Table 2C. Comparizon of Lry lattar Consumption of Dalry Cows
on Grass hay and/or Silage.

(on 1000 1b. live weight basis)

Rapor ted Animal Dry matter intake per 1000 1b.
from - Used Live weight on -
Hay Silage [Hay plus Silage
(1b) (1bi (1v)
This Irial 12 Dry Jersey
Cows 19.7 17.2 20,3
2 bDry Jersey
Sears & S111 Cows . 19.8 v
(181 2 Dry Pries- :
ian Cows. -—— 18.9 e
Hodgson & 41 Holstein
Knott (16) milking cows. 19.0 18.0 22.0
4 to 5 Hol- hogspsg !go.xz 16.1 ---
Graves et al lstein milking
(8) | Cows 1929 [26.8 18.8 ——-

In general, the resul ts of this trial are slightly lower than those of other
wo rkers. The possibla cuauses for this diserepancy are suggested as follows:

1. feeds of different quality were used. The hay used in this trial was
rather poor. The silage offered in reriod II had a high moisture sontent,

(the effect of this will be disoussed later on).

2. Tne experimental conditions under which the results were obtained might
be widely diffaent.

3. Dry cows might have a different food intake from cows in milk.

4. The question of breed might be involved.

5. Also, the frequesnt change of rations involved in the design used in this
experiment and the short experimental periods employed in this trial

might be factors.

6. The way in which the hay plus silage ration was fed in this experiment might
also be a fastor sinee the silage portion was raestricted to 30 1lb. daily.

It will bs noted that except for one case in which uraves et al in 1929 (8)
found the amount of hay (dry matter) consumed was 2.68 per cent of cow's body
weisht, results from all other workers as well as this trial, indicate that a
dairy cow's appetitd for roughage (hay and silage) is below éVB per cent of her
body waight.

In the consumption of dry matter, there was considerabls variation from cow
to cow on each ration. When on the silage alone the cows exhibited the greatest

individuality. The coefficient of variation derived from standard deviation and
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the mean daily consumption for the twelve onows was 12 por cent for cows on
hay, and hay plus silaze, but 23 per eent for cows on silage. The mean daily
consumption and its standard error for the twelve cows was:

16.7 - 0.592 1lb. on hay plus 8ilage.

16.2 - 0.560 1b. on hay

14.0 - 0.92B 1b. on silage
The variation in consumpiion between cows on silage was nearly twlice as big as
between those on the other two rations. This indicates that for body maintenance
purposes, hgy vlus silage or hay alone are more suitable than silage alone.

For the expsrimant ad8 a whole, the consumption was greatest for the C ration
(hay plus silage) followed by A ration(hay) and lowest for the B ration (silage).
Statistical analysis shows that the aifference between A ration and C ration was
not significent, but ths difference betwden A ration (or C ration) and B ration
was highly siznificant. Thase results are in agreement with those of Hodgson
and Knott (16) who reportad that Holstein Cows consuned more dry matter in the form
of hay plus silage, than hiy or silage fed alone. They are also in agreement with
those obtained by Graves ot al (6) who found cows consumed more dry miatter in the
form of hay than in the form of silagse.

Howevar, the results of this trial require some further explanations, The
highly si:nificant diffsrence betwaen hay plus silage (or hay) and silage ration
was apparently largely due to low dry matter consumption for silage in rJeriod II.
The averags daily oconsumption in Poriod I for silage was 16.5 1lb. which was sven
higher than that for hay (16.3 1b.)  In Period III, it was 15 lb. which was only
slizhtly lower than that for hay (15.8 1lb.) But in reriod II, it was only 10.5
1lb. as compared with hay 16.6 1b. and hay plus silage 15.3 10V,

Two factors were inwlved in this low dry matter consumption for the silage

ration in Period II.

(1) The silage offered during the period was drawn chiefly from the
lower portion of a stack and as a result o{ this, it had a low
dry matter percentage -- average for the period 16.7 per cent
as compared with 21.6 per gent for Period I and 21.4 per cent
for 2eriod III.

(2) lowar feed consumption (average 60 1b daily as compared with 72.7
1b. for Period I and 70.4 1b. for Period III).

fhe following possible causes for lower silage consumption in Period II are

suzgzested.
1. on silage supplied during the period, cowsa scoured rather badly. This



might affect feead consumption.'

Silage with a hish dry matter may be more acceptable to dairy sows over

a sustained period of feeding than a silage with a hizh moisture content.
In the period, consumption dropped off very sharply after the cows had been
on the fead for three or four days (See Arpendix table XVI)

S Cold weather might affect consumption of a watery food. JDuring Period II,
espacially in the middle and towards the end of the period. thers were Sev-
eral frosty nights. (See Appendix table XXX). In these cold nights, while
the cows seemed to eat more hay, they ave less silaga.

4, Acidity or sour taste of the silags offered might be a factor. In Period
II, the silage fed came chiefly from the lower portion of a stack and had

a sli:htly lower pH (Table 21) and a distinctly sour taste.

Table 21. pH Value and Taste of Silage Used.

rosi tion of a stack from pH Value Taste.

which the silage was (average of

drawn. 3 samples)
Top 4.8 swee t

sweet to

Mfiddle 4.0 T
Bottom 4.6 sour

The fact that cows consumed more dry matier in the order of hajy plus silage,
hay and silage has two important implications in practics;
(1) that cows prefer "variety” in their diet, and can be induced to taxe
& hizher dry matter intake by introdusing "variety" oconsideration into
the feeding of dairy cows (such as fa2ding hay ané silage together,
instead of hay or silage alone. !
(8) That cows can have a higher dry matuer intaxe on oods that have a higher
dry matter content (such as hay compared with silage) i.s. less bulky foods.
Thé low dry matter consumption for silage ration in lariod II as a result of feed-
ing silage with a high moisture content inclidentally is further svidence of the
importance of bulkiness as a factor 1in preventing cows from consuming a high
dry matter intake.
An intereating fact arising out of the trial was that despite the more adv-
anced stage oi pregnancy and heavier body weight, the cows consumed less total

dry matter for reriod III (26569 lo:/ than for ieriod I (2656 1b) This appears to

indicate that there was no apparent relationship between dry matter consumption and
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stage of pregnancy, nor between dry matter consumption and inoreasing body weight
in mature ocows.

Anothar interesting situation found in this experiment was thait dry matter
consumotion did not apnear to be related to body weighti or age. In the ocase of
body weight this was indicated by the fasts that

1. Group IT onws oonsumed ths greatest amount of total dry matter (2292 1b)
though 1t was not the heaviest group (average body weight &69 1b).

2. Group III was the heaviest group (average body weight 678 1b) and yet its
total dry matter iutake (1914 1b) was just as much as Group I which had an
averags welght of only 766 1b.

In the case of age this was indicated from the total dry matter consumption
of Group I and Group IV. These two groups had the sams avaraze body weizht.

Group I (3-4 years old) consumed more dry matter than Group IV which included three
0old cows (10-12 years oldl

Howaver, these are just interesting points mentioned in passing; the number of
animals used in the trial was too small and the feeding period was too short to
allow any definite conclusion to be made on these points.

FThe methods emnloyed in this expsriment on the whole have proved to be satis-
fasctory, particularly the technique used to keep the experimental animals from
access to grazing (muzzles). But in the measurement of dry matter intake, there
ware saveral sources of experimontal errnr that require to be discussed.

1. Grouping of Animals.

As mentiored sarlier, the success of this design depends larzzsly on the unif-
ormity in avppetite and irn change of appetite from period to period of the ocows
within =ach group. This would allow the three experimental periodis to be rep-
resented equally in the consumption for any ration. But, owing to a situation
in that only a short preliminary feeding period was possible, the animal s had been
grouped on factors that might be related to appetite (such as body weizht, condition,
age and stage of pregnancy) instead of thair approximate appe ti ths. This would
consequently produce a ration differance within any period. (e.g. an animal within
a group would consume mors of one ration than her mates on the other two rations
if she had a bigger appetite.)

Howaver, statistical andlysls has shown that the grovping has been carried out
Justifiably, as indicated by the fact that therse was no significant difference in
consumption batween cows within groups but a highly sizrificant difference between
groups.

2. An important source of error was pos3ibly introduced through not being able
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to offer to the cows feedis of a uniform quality throughout the trial. This would
introduce periocé difference and ration differencs. Por irstancse, in Period II,
the silage offered had a high moisture content which caused a low dry matter ocon-
sumption for silage ration in that Period. This was lurgely responsible for
the significant differance in oconsumption between Period I (or III) and Period II,
and the si:nificant differsnco bwtween hay ration (or hay plus silage ration)
and silage ration; (Since there was neither significant diffsrsnce between
Period I and Period III, nor between hay ration and hay plus silage ration.)

The hay used in the experiment, however, was rather uniform throvgzhout the
experiment, its avarage dry matter percentage being €5.6, 85.1 and 85.5 for
Pariod I, IIand III respectively.
3 Ano ther source of error was possibly introduced throush the necessity of using
a small number of groups oi cows and short experimental poriods on account of lim-
ited experimental resources and time (the dry period) available. The faot that
the difference between sroups was highly significant on statistical analysis shows
that the use of more groups of cows in each Latin Square would give mors accurate
rosul ts.
4. 5till a further possible source of error was from inaccurate measurements.
(al the error introduced through the necessity of vsing the hay racks for feeding
the animals in the college shed was an important one. This method has not proved
to be entirely satisfacsory. The o~ws were inclined to throw the feeds, esp-
ecially hay, on to the floor in searching for more palatable parts of the feed.
The fseds on the floor were often mixed up with dung and urine, consequently 1a
eollecting the rsfused feads, this arount on ths floor had to be estimated.
However, this amount was not large, usually under one pound.
(b) Hrror due to sampling of feeds for dry matter determination. Owing to
the bulky nature of the feeds used, the amount of feeds and refused feeds sampled
dally was not in proportion to the amount of feeds offered or refused, but was
250 grams for 3ilage and 100 grams for hay. This method of sangling has been
checked by repeating the method twelve times with =ach feed. It was found, as
shown in table 22, that the widest difference in dry matter vercentage between
samples was 2.5 per cent for hay and 1.6 per cent for silage. This means that for
every pound of feed consumed, the difference in dry matter consumption due to
difference in dry matter percentazes was within 0.025 1b. for hay and 0.016 1lb. for

silage.
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Table 22. Variation in Dry Matter Psrcentage of Feed Samples.
Sampls.| -1 2 3 4 5 6 7 6 9 10 11 12
H&T’ 85'0 86.0 5’4.5 86.5 85.0 85.5 84.8 . 85.0 85.5 8400 8‘.5 8‘05
Silage | 17.2| 16.8} 16.6}| 17.6| 16.4}| 17.8| 17.2 {17.2 |17.8 }16.7]18.0 |17.8

&
(c) “rror introdnced through using the avarass dry matter percentage of two daily

faad samolss (Swiple A and 3) for calculabting the daily dry matter intake for all
cows. But the Jdifference in dry matter parcen tage betwaen the two dally fe=d4
samples was not larga, nsualliy within 1.0 for both hay and silage. This again
means that for every ons pound of feed (hay or silage) sonsumed, the difference
in dry matter intake dus to the use of the averase dry matter percsntags was
within .015 1lb.
Ano ther minor error introduesd was throuzh the faot that refused feed which
woizhed 1les3 than 2 1b. was not samnpled for dry matter determination -- the dry
mattear percentage for this was the average of the dry matter percentages determined
from other cows' refused feeds.
5. Pinally, it should be mentioned that the dry matter consumption-for hay plus
silage ration did not represent the cows' appetite for both hay and silage. The
Silaze portion was restricted to 20 1lb. daily and only the hay portion was fed ad
1lib. The cows' appsti te for hay plus silage ration would have beern different had
both hay and silasge bean fad ad 1ib.
The two 3 x 3 Latin 3quaras has proved to be applicable and suitavle for dairy‘
cattle feedins experiments. One of the main reasons for employins this design
in this experiment was to zdjust for earry-over effects of rations, which can be
antiocipited in a short tims experiment owing to the shortness of the ghange-over
period.
The results indicate that the desiin has been successful in making this
adjustment, and in overcoming ceriticisms of other experimental desisns which did
not pemit the proper evaluation of ration effect alone as distinct from the
ration effeot plus carry-over effest from the ovreceding ration.
In addition the design was also successful in:

1. Enablinzs the consumption of thrae rations to bs compared with limited time and
expsrimental animals avakable,

2, aliminating larzely the effect of individvality of the ocows and the sffects

of pa3riod (such as stage of pragnanacy, weather conditions ete.) on the con=

sumption of any ration.

But this design was disadvantageous in
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1. involving a frequent change of rations, which might upset a cow's appetite
2. lackinz simplioity of group feeding, trial and 3witch-back desizn eto.
de requiring a very careful grouping of the cows,

Ths rasults of T.L.N. caloulation based on dry mattsr consumed, chemigcal analy-
sis ef the feeds and assumed digestion coefficisnts show that for the whole trial
the cows on the avarage obtained

10.24 - 0,346 1b. of T.b.Ne. on hay plus silage,
9.70 - 0.402 1b. on hay, and
8.96 - 0.630 1b. on silage.
The difference in T.D.N. consumption betwesen hay plus silage ration (br hay ration)
and silage ration was not as marked as for dry matter oonsﬁmption owing to the dig-
e3tibility per cent (calculated on assumed digestion coefficients and Chemical
analysis of the feed) for silage being higher than that for hay. But T.D.N; oon-
sump tion parallels olosely the dry natter consumption. Cows receiving hay plus
silage oonsumed largest amount of T.L.N. per day, followed by onws on hay, and the
cows on silage in that order.
On the averaze, the animals on every ration consumed more nutrients than
they required for maintenance (caloulated on Morrison's Peeding Standard)
The averazs excess in T,0.N. consumption for hay plus silage ration was 53 per cent
for hay eee 45 per cent
and for silage .. 34 per cent.
These results indicate --
1. that the dry dairy cows on the rations used in the expsriment had the capaolty
to oconsume sufficient dry matter to excezd their nutrient requirements

for body maintanance,

This is important in this country in view of the faoct that hay and silage :re
used extensively and that dairy cows exi it largiyon the two roughages with little
pasture available during poor winter and dry summer periods.

2. that dairy cows couvld not oonsume as much nutrieants on silage alone as on

hay, or hay plus silage despite the fact that silage has a hisher nutrient son-
tent on dry matter basis than hay. This shows the problem of providing an ade-
quate supply cof nutrients to dairy cows when feed of low dry matter, as well as low
nutriens contsnt (i.s. bulky) much as silage {3 used.

An animal on such a bulky ration in the first place will not be able to take a
hizh amount of dry matter because of ths limit of her appeti te. In the seoond

place she will not be able to obtain a hizh nutrient intake because of low nutrient

gontent of the feed on a dry matter badis. In other words, when a bulky food
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such as silage is used as a source of nutrients, for dairy cowsy appetite, by
restricting the amount of food eaten, is more likely to be a factor in limiting
nutrient intake. In this connection, it is interesting to quote the following
evidence from Cronshaw (39). During a survey of dairying conditions made by
the N.I.R.D. in England and Wales in 1942, the cattle fed chiefly on bulky foods
were found to be getting 5§ -~ 10 per cent less starch equivalent per animal than
before the war when concentrates were used for cattle, in spite of the fact that
the actual dry matter intake was 5 per cent more.

There were two possible sources of error in the estimation of 7.D.N. con-
sumpt ion:

1. Error arising from the use of assumed digestion coefficients, for hay (371,
for silage (18) (see table 16).

This was likely to be an important source of error. The difference between
the assumed digestibility (caloculated on digestion coefficients taken from other
workers) and the actual digestibility might be due to:

a. Difference in animals used. But according to Morrison (40) cows
and sheep digest most kinds equally well.

b. Difference in quality of feeds used. Acocording to Maynard (41)
88 the nutritive ratio becomes wider, the digestibility of all
nutrients tends to be lower,

6. Difference in the amount of food fed.

Eokles (42) Porbes ot al (43) (44 ), and Mitchell et al (45)
showed that digestibility in the dairy cow was lower at full
feed than at maintenance level of feeding.

d. Difference in amount of exercise etc.

Schneider and Ellenberger (46) reported that moderate exercise
tends to increase digestibility.

In this connection, it is interesting to compare the digestibilities of hay and
silage 88 obtained with those calculated through the use of MocMsekan's regression
equation of orude fidbre on digestibility of organioc matter (Y = 9261 - 0.96X where
Y is the digestibility of organic matier, X the orude fibre content of the feed) (47)

as shown in the following table 23.



Table.23. Digestibilities of Hay and Silage.
{on organic matter basis)

Basis on whioch digestibility Hay Silage.
Calculated.

Assumed digestion

coeffioient. 6366 70.16%

(see Table 16)

Regression Equation of
Crude fibre on digest- 53.57% 51.2564
%bil)ity of organic matter
471.

Both digestibilities were calculated from Chemical Composition of feeds on

the organic matter basis as shown in table 24,

Table 24. Chemical Composition of Kfeeds Used.
(on organic matter basis)
Percentage Composision of Feed.
Feed | Crude Protelin ther Extracs Crude Fibre.| N.F.B.
Hay 6. 77 0.86 40.67 61470 |
Silagd  16.59 1.15 43.08 40.18

It can be seen from Table 23, that the two digestibilities were not only
very different from each other but rather conflicting. Based on assumed dig-
estion coefficients, the silage was more digestible than hay, but based on Reg-
ression Bquation of Crude fibre, the result was the reverse. (This was apparently
due to the fact that the silage used had an abnormally high fibre content).

It seems that the digestibility per cents for both hay and silage 30 ocal-
culated were far too high for the feeds actually used, when ocompared with those
obtained Shrough regression coeffiscient of orude fibre. However, MoMeekan's
equation was not very adequately applied to the feeds used in the experiment.
Pirst, it was developed fro;n ocrude fitre contents of 50 different feedstuffs.
Second, the data for the feedstuffs were from Woodman which were old and of mis-
gellaneous origin. Many fodders were determined "by dif ference" which is
very inaccurate.

2. Another possible source of error in the results of T.D.N. Condumption might
have been introduced since only one chemical analysis of the feeds fed in the trial
was made, and then used as a basis for caloulating the nutrient consumption for the
whole experiment. The feeds wsed were not uniform in quality; the silage offered
in Period II, as mentioned earlier, had a low dry matter percentage. Hence the
results from the single chemical analysis would only represent the approximate per-
centage oomposi tion of the feeds used.

In this connection, it will be noted (from table 4) that the fibre content of



the silage used was rather high. It was thouzght that this might arise from
an error in chemical analysis, but repeated chemical test with duplicate samples
has given similar results. Possibly, it was a sampling error.

The results on body weight changes of the cows on the three rations appear
on the whole to parallel the level of dry matter and T.D.N. consumption, esp-
ecially the former. The cows on hay plus silage, and hay ration both gained
for the whole trial an average weight of about 20 1b. (or 2.5 per cent of their
initial body weight) as a result of higher dry matter and excessive T,D.N. Con-
sump tion. The lower dry matter and T.D.N. consumption for the animals on
silage, on the other hand, was reflected in a loss of body weight, They on the
average, lost 16 1b. for the three psriods or 2 per cent of their initial body
woight. This loss of body weight for the silage-fed cows was largely due to
ths weight lass in Period II. The silage~fed cows on the average gained 9 1lb.
(or 1.1 per cent of their body weight), in Period I, and only lost 3 1lb. in
Period III (or O.4 per cent of body weight), But in Period II, they lost 22 1lb.
(or 2.7 per cent of body weightl, This bigger loss of body weight of silage-
fed cows in Period II was possibly the result of low dry matter and T,D.N. con-
sumption in the Period. The silage-fed cows in Period II only oconsumed on
the average 2 per cent of T.D.N. in excess of requirements as compared with 45
per cent for hay-fed cows and.39 per cent for cows on hay plus silage. The
average gain or loss in body weight for the cows on the three rations was not
strictly in agreement with the average excess in T.D.H. consumption for the

three rations as shown in the following:

Averagze excess in - Average gain (+) or
T+.DeN. Consumption. loss (=) in body weight.
Cows on hay plus silage 53% + 21 1b.
Cows on h" ceoe XX 45% + 20 1lb.
Cows on silage aise 34% - 16 1b.

The following possible fact »rs responsible for these conflicting results

may be suggested:
1. The caloulated digestibilities for hay and silage might have been too high

for the feeds aotually used in the expariment, This error, as discussed before,
might have been introduced through the use of assumed digestion coefficients or
single chemical analysis of the feeds for the whole trial -- or both.

2. Brror arising from Variation in Weight of Cow.
As mentioned earlier, factors mfich as variation in food intake and water eon-

sumption, difference in gut content, stage of growth of the animals and stage of

pregnancy etc. made the determinatinn of ration effects on body weight diffiocul t.
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A single weight measurement of a ocow, according to Bartlett (48), 1is 1iable
to_ considerable error owing to the great variation in the gut content, also
according to Baker and Guilbert (49) cyclic variations may occur in the day-to-day

deviation of cattle weights.
In view of the big variation invoclved in weighins the cattle, the data on

body weizhts of the sows obtainad in this trial through weighing the animals only
once weskly would be expected to be sSubjzct to large error.
e Another possible .cause arose, in the case of the silage-fed cows, where
there was a possible loss of nutrients consumed through scouring. During the
whole trial and especially in Period II, the éilage-fed cows soouréd rather badly.
This might be responsible for the loss of body weight. In Period II, for instance,
three out of four cows on silage lost weight, one being just able to maintain her-
self.
4. The fact that cows on hay plus silage and on hay Zained 1little in weizht despite
of excessive T.D.N. con3umption could possibly be explained partly in terms of fat
deposition. During the trial, the cows on the two rations put onoonsiderable con-
dition. This fattening would have entailed 2.25 times more energy expenditure than
that for growth of muscle since according to Maynard (50) fat has 2.25 times more
energy than protein (muscle).
5. Also, according to Forbes et al (44) there is even more difference in the util-
isation of the digested nutrients in 1iberil and scanty rations than there is in the
percentage digested. They found the net energy value of a feed was 20 per cent less
when steers were fed 2.5 times as much as they required for maintenance than when they
received only 1.5 times their maintenance nedds. Since the oconsumption of T.D.N.
exceeded requirement considerably in this trial, utilisation of the digested nutrients
would be therefore less.
6. Pinglly, the calculated maintenance requirement based on Morrison's Feeding
Standard which only allows for maintenance might have been too low for the cows used
all of which except one (Frivolous) were in calf and all except two (Barbara and Toy)
were in advanced stage of pregnancy. However, pregnancy does not involve a large
increase in energy intake over the maintenance requirement(5l).

Al though the galin or loss of body weisht for the cows on the three rations
was not entirely in agre-ment with T.D.N. Consumption for the three rations and
possibly subjected to large error, nevertheless it indicates clearly that silage-
fed cows could not maintain themselves as well as the cows on the other two rations,

Hence the results of this trial in general, apart from indicating the respect-



- 66 -

ive 1limits of a cow's appetite for ths three rations in question, and providing a
basis for supplying adequats nutrients to dairy cows, show clearly that "bulk"
owing to the 1limit of a cow's appetite is a big problem in providing adequate nut-
rients to dairy cattle with bulky roughagaes.

Under the grassland system of farming a si tuation similar to the problem
found in this experiment arises in practice, when gquality of pasture is low
relative to 1ts quantity produstion sugh as in dry summer or poor winter. The
cows have to eat large amounts of roughage in order to obtain the necessary nut-
rients for maint:nance and production.

Ano ther analogous problem exists when a dairy cow's nutritive requirement is
large relative to the quanti ty of grass she can eat even high quality grass such as
in early lactation, or with high producers. It is believed that the loss of
body weight of a cow during her early stage of lactation is due to her inability to
consume enough grass to meat the nustritive requirement for her high milk production
and aoonsequently draws on her body reserves. It i8 also believed that the inabil-
ity of the cows to consume large amounts of roughagse in the early months of lact-
ation may be a limiting faetor in production.

Por inoreasing utilisation of bulky roughage in practice, the followins methods
may be sugzested:

1. Whenever hay or silage i3 made, more attention should be paid to the qual-
itative rather than the quantitdtive aspeset in yleld; that is, the aim
should be to produce maximum nutrients per pound of roughage, and deorease the bulk
of roughage to a minimum, This means that grass for hay or silage should be cut

as immature or early as possible.
2. Make the bulky roughages as palatable as possible, i.e. preserve them in

sugch a way that they do not lose all the leaves or become charred and

mouldy etc., and therefore unpalatable. Palatability is the most important
faotor in governing food intake according to FPissmer (23) and Baptlett (5652).

S Whenever possible, feed cows with hay and silage combined, rather than with

either one & a sole ration. If a single roughage is fed for maintenance purposes,

use hay rather than silage. For supplemanting pasture for production purpose,

however, silage i3 a more suitable ration owing to its higher nutritive content

on a dry matter basis as compared with hay.

4. Consider the matter of breeding cows which can tolerate a larger quantity of
dry mat ter. This is8 a2 matter not entirely out of the question. I£ is be-

lieved that the dairy cows in Denmark consume far more dry matter than the cows

do in England. (39).
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5. Prain cows to increase their dry matter intake.

In England, as a result of "steaminsg up" practics, the cows, it is said,
are gradually acclimatised to high dry matter intake before parturition. Hence,
in New Zealand, high plane feeding over the "dry period™ for dairy cows may serve
the same purpose.

Finally, more information about a cow's appetite and factors affecting it are
raquired befora roughage as a feed for dairy cows can be more successfully and
officiently utilised. In the future, investizations on this field may be
planned along two lines:

l. the determination of a cow's dry matter intake on various kinds

of roughages, single and combined, including dry matter intake
on pasture,

2. the study of factors that will affect a cow's appetite for food

such as (a) factors inherent in the cow itself (body weight,

age, breed, milk production, condition, heal th, growth, pregnancy,
exercise and psychological factors eta.)

(b) faoctors ihherent in the ration (palatability, digestibili ty,
variety, bulk of ration, amount of food offered and bal ance and
deficiency of rations, etc.)

With a better knowledge of a cow's dry matter intake and factors affecting it,
not only nutrient intake of dairy ocows can be adequately ensured and utilisation of
bulky roughage can be inoreased, but also nutritional studies for grazing animals
(such as determination of digestibility of feeding stuffs..milk production effic-
iency studies, and comparison of efficiency of rations for dairy cows, ete.)

which cannot be adequately investizated so far, can be under taken,



Saction VII. SUILIARY .NOD SONCLUSICKNS.

1. A dairy cattlas f5°dinz experiment was concducted during the wintar months
of June ané July in 1946 t: study the dry matter intake of dry Jarsey Cows

on gthr:e roushage rations --

Vo Hay fed ad 1lib,
Yt 31lage fod ad 1ib.
oo 30 1b. Silage plus Hay fad ad 1ib.
2. Twelve Jeriey dry cows wer~ uied. A design involving the use of two 3 x 3

Latin 3quarses was employed. The twslve Jorsey cows were divided into four
groups of three individuals. Zach zroup of cows consti tuted an indepondent
exparimant, ''ha experiment ocnnsisted of three two-wask exparimental periods.

T'ha layout? was such thit each cow in each group received a difforent ration during

each period, and each ration was preveded by each of the other rations an equal

numbar ol times turnmughout tha trial.

Se The avarazcz daily consumpilon of dry matisr for the eniire expsriment was:

16.7 # 0.592 1b. for the cows on hyy plus silags ration
16.2 # 0.5¢1 1b. on hay ration, and
14,0 ¥ 0.925 1b. on silage ration.
The amounts of dry matter consumed daily per 1000 lo. live wei:cht were:
20.3 1b. for hay plus silsge ration
19.7 1lv, for hay ration, and
17.2 1b. for silage ration.

4, Cows receiving the hay ration or the hay plus silage ration consumed signif-
fcan:ily ;raater amounts of dry mattit2r thuan did those on siluge alone,
Cows al30 consumsd mor: dry mutter in the form of hay plus silags than in

tha form of hay alone, but the differance was not sisnificant on statistical anal-

ysis.

5, Tha to:ial dizestible nutrients (T..L.N.) consumption was calculatad on the
basis of dry matter consumed and chemical analysi 3 of the feads used. the
di;estion coefficients wore tacau from Jaitson and Horton (37) for hay and for

sflage from sears and 3111 (18).

6. For the exp2riment as a whole, the avaraze daily consumption of T.J.N. was
10.2 4+ 0,246 1b. for cows on hay plus silage ration.
Je7 + 0,402 1b. on hay ration, and
4.0+ 0,630 1b. on silagoe ration,

for 1500 1b, live weizght, the pounds 2f T.L.N. <Con3sumed per day wore:



12.,4 1bs for hay plus silage ration

lle& 1bs for hayy ration, and

11.6,1b. for sflaze ration.
7. The ocows on huy plus silage ration and those on hay alone consumed oonsiderably
more than wmfficient nutrients to meet their estimated maintenance requirements and
as a rasult cained walght. This was not ths case with the silaze-fed cows whigh on
th: avereg2 could not maintain their body weisht, althouzh their average T.D.N.
consumptinn did exceed thelr maintenancs rsquirament, Reasons are suggested for
these gonflicting results.
6. 'he results are discussad in relation to problems of fsedins dairy cattle in
practice.
9. The two 3 x Z Latin Sguares desizn employed in this experiment was proved to
be suitable for dairy cattle feeding experimant. It was suocessful in allowing
a thom™u:!. analysis and interpratation of the rssults, includinz the adjustment for

carry-over efect of rations.
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In the fnllowing ippendix are Jiven Zor sach period the dataliiad data on:
1, daily feed offerad
2 daily dry mattver parcentazes of feeds determined
. daily dry matter offered
4. daily fead refused
5 daily dry matter percentagass of raefused feeds daterrinad
6o daily dry mattar refusad
¥ daily feed consumed
6. daily dry matt r consumrsd
9. body weight of individual cors
10. daily Meteorologiocal details.
Lata on feed and dry matter consumption for reriod I are siven in tables I to
VIIY; for 2eriod II ir sables IX to XVI; for fariod III in tables XVII to XXV.
Jata on 1live wei_ht of cows are given in tables .XVI to XXVIII while daily

mateornlo ;1ical details are shown in tables XX to XLXI.



ZABLE L. (14 days: 15/6/48 - 28/6/48)
Group| Cow Ration| 15/6 16/6 17/6 18/6 19/6 20/6 21/6 22/6 23/6 24/6 :5/6 95/6 27/6 28/6
No. | Kame DATE
1 Addy Hay 26°0 25-0[21-0 22+5 | 24-5] 226 | 23-0 | 190 |22+6| 26-5| 24.0 | 26°0 | 220 | 20-8
11 Art Ray | 26-0| 250 24°5 | 24+0 | 25-0] 255 | 26-8 | 25:5 {ap-0| 82-0] 27-5 | 27-0 |24-58 | 28-8
III Sally | Hay 25+0 | 26+0 | 20°0 | 20-0 | 22:6] 226 | 185 | 23+0 | 24-0] 20-0| 225 | 20°0 | 23-0 | 20-0
v Barbara 26°0 | 25°0 | 88°0 | 23-0 | 22:0{ 21°6 [ 19°0 | 20-0 {28-0] 20-0 21-0 |20-0 | 20-0
. rupena | 227|200 1 20-01 180T 19:0 | 21-5] 200 [#1:0f 18-8 20-0] 20-0] 216 | 28-0 |20-0] 160

Silage| 30-0 | 30-0} 30-0 | 30-0 | 30-0} 30°0 | 30-0 | 30-0 | 30:0} 30°0| $0-0 } 30-0 | 30°0 | 30°0
Ha' 2000 m-o . . Kkl ° . . [ . . ® oo . [ 06
2 — v ' 226 215#35 33:0 | 23:0] 20-0 |20-0] 28-0| 26+0 | 22-0 | 200 ] 20
84lage| 300 | 30-0| 30:0 | 30:0 | 30-0| 30-0 | 30-0| 30+0 | 30+0| 30-0| 30-0 | 30°0 | 30+0 | 30°0
T mette | BOY 20-0 | 20-0] 18-0 | 18-0 | 18-0] 19-0 | 17-0] 360 |37-5] 16+5] 17:5 | 160 | 26-0] 15-0
| silage]| 30°0] 30-0] 30-0 | 300 | 30-0] 30+0 | 30-0] 30-0 | 30-0| 30:0] 30-0 | 30:0 | 30-0 | 30-0
v erivaionl 587 20°0 | 200 180 | 18°0 [19°6] 20°0 | 170} 19°0 [17°0] 186 | 165 | 1676 | 16°0 | 16°0
silage| 30°0 | 30-0] 30-0 | 30-0 | 30-0| 30-0 | 30-0] 30-0 |30°0| 20:0| 30-0] 500 {30-0| S0-0
EEToEESRsETErSs =T == s e e wu#z:ﬂuuu*nwhm%mﬁngm P o ]
| 1 Katie | Silege} 200-0 |¥0-0] 90-0 | 90-0 | 85:0} 1000 | 90-0 | 90-0 | 80-0| 79:0] 800 | 80+0 |86-0 | 900
11 Tuten | cilage] 1000 {20000 | 90-0 | 90°0 | 90-0| 2000 | 90-0 | 90-0 | 80-0| 73-0| 80-0 | 80-0 | 534-0 | 90-0
[ 111 Vicky | Silage| 100-0 {1000 | 960 | 50-0 [100°0]|300-0 | 90-0 | 90:0 | 90-0| 90-0] 90-0 | 90:0 | 90-0 | 90-0
Iv Toy Silage! 1000 93+C | 900 { 90°0| 90°0 | 90-0 | 900 | 80-0| 70-0| 73-0 | 70-0 | 54-0 | 76+0
==-=====Ix=======¥"-'==$== '23:‘-’3::::“:‘-3‘:"-‘:“:&:3“32&32:2:‘“:“H==:'======m=ﬂﬂ==ﬂ=':==‘==‘===: E et e S ——F i ——
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. (24 days: 16/6/48 - 28/6/48)
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(14 days: 15/6/48 - 28/6/48)

TARLS 11X,
aroup] Cow Ration DATE.
No. Nane 15/6 116/6 |17/6 |18/6 {19/6 |20/6 | 21/6 |22/6 123/6 [24/6 Rb6/6 ;26/6 ;27/6 (28/6
I Addy Hay 210 | 212 |17°9 |19°56 {213 [19°56 {19-2 {16°2 [19:2 {23-2 Fl-o 223 |18°8 {173
11 Art Hay 21°0 | 212 {209 {20'8 {21°7 (20°3 | 21°3 |20-1 |=3°1 |e8°0 ]94-0 23-1 1809 |21°6
III Sally |Hay 21°0)21-2§17°0 |17°3 }119°6 |19°5 | 15°6 j19:6 | <05 }17°6 [19:6 |17°1 | 19°6 | 169
v Barbara| Hay 21¢0 j21-2{17°0 J19°9 {19-1 |18:6|15°9 |17-1 }18'8 |17'6 P79 |18-0]|17°1 {169
h::::ﬂ:::::::ur::n- SoHrsensuisoe “EIL-R:: = m:é:m %‘SBE““:’L:B::W&:&': === ue
L . 16°8 | 169 | 15°3 {16°5 | 18-7 j17-S | 17°6 }15-8 |17-1 |17°6 [18'8 {15°9 | 171 | 188
snaga 64} 65| 6°6}{ 67} 70} 7°0f 6.9} 7°3} 76} 7L |7-2] 6°7] 6:6] B°6
- Tondie r_m 16'3116°9]19°2 {18°6 | 20°4 {286} 19:2 }17-1 |17-1 | 20-1 {22:7 {18°S§ }7°'1} 178
Silage| 6°4} & | 66} 67} 7.0} 70} 6'9) 73| 7°6f 71 |72| 67| 65| B8
- - Ray 16°8 ] 16°9} 16°3 |15°6 | 16°8 | 16°4| 14°2 | 13°7 | 16°0 | 14°4 |15°3 | 13°7 | 13°7 | 12*7
Silage} 6-4f 6-5) 66} 67} 7°0] 7°0] 6:9] 7°3] 7°6} 71| 7:2] 67| 6°6] 56
v | moiy Hay 1581 16:9] 16°3 ] 18-6) 16°9] 17-3] 14:2 ] 16°2 [ 14°5 ]| 14°4 [24°4 | 13°3] 12:8 | 127
8ilagw| 6°¢, 6°5) 6°8) 67! 70l 7.0 69y 73} 7-6} 71} 72| 67| 66| 5°6
‘nasenosauns = 2 o m#mﬁzz:: nzjl::z: I:T— Eoormae mf::szjm:: smge=esE s === b — =t===#==== W=
I Katie | Silage| 2£1-2| 21-7| 20°0}27°1] 22°1 | 23+8] 20-6 | 22°0| 20°2 | 18°38 |19°2 | 179} 18°8| 16°9
11 Yuten | Silage| 21°2] 21-7| 20°0] 20°1] 21°0| 23-2] 206} 22°0 ] 20°2) 16*9 |19°2 | 22°4] 18°3 | 169
III | Vicky { Silage] 21°'2] 21°7| 21-1}| 20-1]| 28+3| 232 | 20-6] 22°0) 227 | 21°4¢ |21°6] 20-2] 19°6} 16°9
IV| Toy ’Lsuage 21-2| 21-7] 206 20-1] s1-0) 20-9| 20-6| 22-0} 20-2] 16-7 |17-6| 15:7] 140} 14-8
= -+t - -1 S+ i~ 1§+ 5~ :::_.-:3J ===l==#'—-*—'- ==.=::=§”===L===:=: t +— e F - i f 4o [ A H:ﬂ::':::::*‘:::ﬂ:”:zﬂ
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Group] Cow Ration DATE .
No.} XNeme 16/6 | 16/6 [17/6 [18/6 | 19/6 | 20/¢ |21/ /6 |28/6 | 24/6 | 25/6 |26/¢ |27/6 |23/6
¢ Aday Hay 701100} 10 10| 25| 5.0} 5'5 |¢-0} - 30§ 40| 45| 30| 25
i Art Hay 45} 30} 10| o8} 1.0} 40} 2 |2:0] 0.5} 46100} 25] 885} 16
¥y nally | Hay went 10°8 f 70y 1°8)] a0l 60 05 anl 668 30} 35|20 85} 30
1V Barbara| Hay %- v-gjrn-g% 06 | 7.0} 7 0f12:6] 20 | e5) 25 30 4-5=+ 3:0] 15| 18
jI===o= -] = b | e £ r it - 1 —_—== $—+ gt ::B:i:r.#::t::*ﬂ:lﬂ:ﬁ:t —=—=Eo=T = = - b el Rt ]
i Hay 521 5001 5:5] 36| 8651116 85 | 0°5 | 11- 2-0411-5 | 90 r 80| 60
1 Yupe & |- = =
31laza - N SRR WSS Gy s o IRERSROS ISR S Rt R LR iy
Hay 3.0 6] 5~} 10} 1.5]15°0] 40 | 38! 6°0] 2°5}10°6 | 6:5| 30| 65
II Y\Jscha - B e
3ilage e e | e | aee cem ] eon ] e e =] 10} - —] =] --
Ha 3+86] 100 | 7°6 . . . : Z 5]15:0] 30 ‘0 40| 7*5( 0B
I11 | Yoetta -4 s 8_2 2l 54+ Dt MR
T; Sila ge e ]. > o 1 4 O 1 ™ O oo anam e -—— =esos ——— - - - o~ — wwenes —~avan
D '\'3‘ . . . . ') P~ “'.\ .‘;’.5 . 7’:'.5 5.5 . E
v Prtvaloas | -8 6y 5:0] 6:610°0] 2:0] 16} 56 | 50 110 9:5f 1:0

-—-*-_—?-E&S}-gwaaa =~; é;;*:;;;:*:;;;q::: -.:.';J:z:::gf ==n=ﬂ*z;;=oéz ==EE .=a=:=$:=== S = 13- 8 & *:::l::z;’.az'

I Katle Silage{ 168°0f 28-0 }118°0 {18°0| 12°5] 11-0| 17°6 |32:'0} 2C°C| 16°5] 115 ] 90| 14°E | 145

I1 Yuten Silage 14-0} 22°0 |12:5 | 16°5} 170} 22+5| 14:0 {19'0} 11'0} 2-0) 35| 1-0| 4°0| 2°8
IIT Vicky Silage] 14-0f 13°5 | 14-5 | 150! 22+6| 256 8°0 }14°0}| 17°S| 11°Of 183'6| 96| 5°0} 5°0

Iv Toy Silags 12 O 24 5 |24'G | 756°8( 11°6} 40:0| 31°

b -t S T et R ] ':.::J: i Rt — et ot et fmb i ARt b o3 o3 ==ﬂ===J i ——

0 151-0| 36°0f 210 Q'EJ 11-5 g-C|] 15

pe ettt e e S A A e g g e T



TABLE V.

(14 days: 15/8/48-28/6/48)

covint

Pipures in red verce th: averapge o
‘:;'x; ar o0 iy

o ; 7w 3
eased faed,

.Ratign Refusged Bata.
Cow Re- b -
eeived. coz- 15/6 | 16/6 |17/6 |18/8 |i9/6 }20/6 24/6 126/6 | 28/6 [£T/8. };a/c
Addy 82-6C |79:0 1330 |82°0 |82-0 835 84-0 [86-0 {810 |82-0 }12"?
HAY Art 30-5 | 80-0 | 23-0 az0 |32 5 la2-0 830 [84+C | 32°5 [80+5 |37
Sally 82:0 | 83'0 }82°6 | 00 {83°0 |32-C a83-0 1880|820
Barbara 325 {81°0 | 83:0 183-0 |80-0 l=2-5 75:0 {79°0 | 805
B R e e S P sl cceno b oe ok ree :=z==¥=53==£==== T Eo o
Yupena |-H8Y.__ {815 ’a.ao 83-0 ]182:0 |83-0 [84°0 84°0 1838 |82°5_
HAY 3ilage | ——=] —— | ~— R
Yascha 489:01 a0 HE0 S 01508 BE,E—*.%LE.-Q&LQ..
AND ) == | = e “ s
metta 80-0] 83-0 | a3'5 81:0 {83-0 80:0 _[77:0479:0 Wi
-] 21°0] 50°C | o%-0 —— — P
SILAGE ) e : s
796 . . 0 819835 . ‘0] 7870 o)
- 479 83:5] 30:0 | 8O 0| 8l !1_9 80
====:======3#====:3:8::#==:3:3= -::.-:.:::#:2.—::2::4::}:::: +n==n=?:'l==zz:zﬂ== . L lr:z:::."‘..#z::ﬂ == :q}:::z::
Kutie £1-2] 22:8} 220 25:2 {232 c4+0 {23°6] 216 16-0
SILAGE Yuten coe| 21-8] 222 228 | c2-8 23+2 |2g'g] €1°6 18°0
Vicky 20:4| 20°8| 20:0 22-9 | e3-2 240 [20°8| 22+6 1840
Toy 20°8) 21<2] 21-2 231|238 24+4 | 21°6| 220 I5°0
TR SR S S T S T T S S T N T S L S S L T A R e i - IR o= P e guewr e gy o - g Rt i R P et R = 1

napee.itages deter-inad £ron
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IABLE VI,

Group| Cow Ratlon. DATE .

No. | Hame. 16/6 |16/6 Pv/6 [p8/6é [19/6 |20/6 P1/6 |82/6 P3/6 Pe/6 |25/6 [26/6 §7/6 (]
I Addy Hay 57| 7.9 Joa |08 | 2°2 4o2_;l4n6 1'7__*-- 8+5 | 3+4 | 37 |41 | 2°1
II Art Aay 3*61 2°4 | 0°8 | 04 ] 0°8 3°8 |17 1.7 {0°4 (37 | 8°4 | 2°3 }6*8 | 1'C
LT Sally Hay 7:4 ) 87 | 58 |18 | 8323 | 4°9 |0°4 |} 3'2 )5*4 |[g°5 | 29 | 1°6 (67 | 2°4
iv Barbare Hay 68| 89 | 04 1 6°8 | 6°8 108 |16 | 2°0 |2°0 |25 | 86 | 24 |12 | 12
}:n======ﬂ=========:===1 Emre—= ======.ﬂr==::===d===z = ===a=vz:===da:::==#::=:= #z:a::*:::a oo oESosS2ERS s==rRespomn
1 Yupena |-HaZ B3 0. 726 140 3 BB LAY 1657 AV-1 11074 Yo% 410 § o0 14 008 100

Silage s § e § s | S § mmm J e Fosmm ] s § e, (| | o
Hay 4] 2°1 11°2 108 )] 1°2 jie'6 |36 25 [6°0 [2°2189 |40C |65 [5°68
1T Yuscha —
Silage cem | e o o o= == e | mem jee— |02
111 | Ynetta |}o¥ ca| 83 |63 18169 |79 [1-2]4ve hos |2oajoee]see [62 |04
51la -— ] 02 02 | O°2 I DR N R D
= s tvEionn Hay 6°2] 42 [ 52 |80 16]13 |43 4-9_1_§;g 8:9 1 6°0 | 43 |76 | 08 __

e - 2 e et e oy ey . e PO s g o, TR S

Silage 3*4 ] 6°4 | 40 | 4°0 | 4°5 | 2°6 | 4°'S 8°1l 54 [|4°0 | 2°7 | 19 |3°2 | 2°6

I v.atie

rhII Yaten 31ilage 29 4°8 2+3 57 39 { 6°1 36 4°-3 2+8 056 0°8 | O0-2 _EO'Q (2 K
I11 Vieky Silage 29 2+8 29 34 | 6-1 69 0} 83 44 | 25 2+8 22 1‘1 | O+9
Iv Toy Silage S 6-2 61 B 27 9+4 | 78 75 o*4 | 5°1 21 g5 1% 03
msu=:‘==a========:d======== T (OORVIS: ST Soumma, S— ===::#======L:= === S MadSo Moty PRy, SPGRUEE Tl M= l



TABIE VII. (14 days: 15/6/48 - 28/6/48)
Group| Cow av.Live | Ration DATE
No. Name. Wt. for
Period. 18/6 | 16/6 | 17/6 { 18/6 | 19/6 | 20/6 [21/6 |22/6 |23/6 |24/6 |25/¢& 26{6 27/6
1 Addy 738 Hay 18+2] 160 | 20°0 | 21-5 | 22°0 | 175 | 175 |17°0 {28+5 |28+5 |20°0 | 215 [17°0 |18°0 | 194
11 | art 840 Hay 20°5| 22:0 | 25°6 | 235 | 24°0] 195 | 235 | 215 |26°6 [e7°5 |17°5 246 |16:0 |=24°0 |24 18+
111 Sally 864 Hay 16°0} 145 | 130 | 1856 { 18*5 | 16°5 |18°0 {190 [17°*5 [17°0 [19°0 [18°0 |14°5 [17°0 | 169
IV | Barbara| 716 Hay L 180} 14°0 | 19°5 &6'0 180 90 {170 {1756 198 |17°0 |16°0 §18°0 |18°5 |18*5 | 16°7
n::z:ar::::::z::at -+ T #:::::::: P Pt e S - Pt o o T o o - b =====t===-:=b=====r=====¢===--.=§===== S 1o
I | Yupena | 775 | Ha 13-5]11-0 | 12-5 | k5-5 | 13:0 | 8:5 |125 | 18-0 | 90 1180 |30-0 | 13-0 |12-0_]10-0 |12-6 §1la -
Silage 30*0{ 30°C L_SG'O 300 _(_52‘0 30°0 |&0°0 | 30°0 30°0 {30°0 |30°0 | 300 {300 }30°0 _30'0 30°0
11 Yuscha 540 _Hly 17°0| 17°F | 17°5 [ 20°5 | 22°0 | 18°0 [10°0 [16°5 [14°0 [20°5 |156°6 | 186°5 ‘&2'0 15°6 |17°1 | =~
Silage 30°0 ) 30¢0 | 30°*0 | 30°0 | 300 | 30°0 | 50°0 | 30-0 |30°0 }1£9*0 |30°0C 300 300 [30°0 | 30°0 g;%
11T | ynetta | 8es (Uay | 11-5110:0110-5711-5] 9:5] 5:5 {166 {10:5 | 4:5 [15:5 | 9:5112:0 | 9:0 [14:6 110:8
Silage 30°0 ) 890 | 290 | 29°0 | 300 j 30°0 | 300 | 300 |30 300 130°0 §30°0 |30°0 |30:0 | 298
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1 Katie Hay 23°5| 200} 20°0| 200} 205 | 28°0 | 22°0 | 20°5 |:=8+5 | 21°5 | 230 [24°0 | 32 O |26°6
b1 Yuten Hay 24°5| 22-0| 24+6| 25-0| 24°0 {280 | 24°0 | 24-5 |24°5 | 256+0 [ 25-0 | 25-0 | 26°6 870
111 | Ynetta Hay 23°5] 20-0| 21'5| 19-0} 2056 {21-0] 240 {21-0 {21-0 {81-0 {RO-0 {20°0 | 22'0 225
| _1v | Frivolous Hay 23-0| 19-0| 20'5] 10-0] 20-5 | 19-0 ] 200 | 19:5 [20-5 | 19-5 | 19-5 |20-0 | 20-5 |22-0
mmmom= zmzunjnm:: u:q::n-;m- T s S o= mkzzu-' e mhumdm
: Addy Hay 175§ 16°0] 15°5f 15°5| 15°0 | 15-0} 14°6 | 17:0 |16-0 | 14*5 §15-5 |16°0 | 185 {18°0
Silage | 30-0] 30-0| 30°0} 30-0f 30-0 | 30:0] 300 | 30-0 |30+0 | 30-5 {30-0 | 30:0 ] 30:" [30°0
% b st Hay 15°5) 17-04 16°0] 16:0] 18-0 | 15°04 160 1 15°5 |16°0 | 16-5 {36-5 | 170 | 16-5_[16-5

Silage | 30'0} 30:0} 30:0} 30-0} 30-0 § 300 30°0 | 30°0 j30°0 | 30°D-} $0°0 } Z0°0 | 30-0 }30°O
111 Vioky i Hay 16-04 13°0f 16-01 19 O} 180 {17-0]18°0 [ 165 115°6 | 16:0 18-5 1180 | 175 |17°8
Silage | 30°0f 30-0f 30°0| 20°0] #0'0 [30:0] 200 }30°0 {50°0 300 {30°0 {300} 303 300
% | 2o Hay | T-0] Yi0] 101 155 140 1501 120 [ 185 1140 [ 15-0 | 15-0 | 14°0 [ 1276|145
Silage | 30°0] 30-0) 30°0} ¢ '84‘ :5?_'0 30-0 | 30°0 | 30-0 |30°0 { 30°0 | 300 ; 300 | 50°0 |30°0

43:3:3:: B S S8 S . S - 1 B B ==== :#ﬂ:ﬂza H."-ﬂ:*:::S —8*3“:#:‘—:?‘:“:-‘:: APt~ ] ety SR g 2

1 Yupena 8llags § 83:0 | 78°01 80°0f 84°C| 92:0 885§ 84-0{72°0 |80°0
33 Yuecha Silaze |104:0| 97°01 D7 0{106°0{ 100'0 | 96-0 | 1040 {1IN-0 [93-5 { 30-0 { 92- |112-5 [XO7-0 [98°O

ii1 Sally Silugs | 8O*¢ | B4*5| 78°0| 86°0f 88-0 |B89°0}] 80°0 815 |81-D | 78-0 [79-0 |82°0 |00 {970
Iv Barbara 8ilace | 800} 75:n) A7-N{ 81-N) BZ-0 | 81L-0f 7601 75-& |70°0 | 83°0 | 6©-0 | 656°0 L'fﬁ'G 830

oS R e N R S ST SR ST ErE Sl EC SSEESR SO ONSS S OEDEE TS T STl =g - -4 =t L 3O At P —— 4 bt Pt




TABLE KVIIX. (14 deym: 13/7/48-26/7/48)
o _. DATE ] .
BECDS SATPle I'13/7 | 14/7 [35/7 |16/7 |17/7 |18/7 |19/7 |20/7 |21/ |e2/7 |2a/7 (2477 |86,/7 |56/7 e}l
A . | 884845855 [87-0 |87+0 |86-4 |86°5 [86-0 |82-0 l82-0 |87-0 |85°5 |65°0 l86-¢ B5-7
HAY B 868 | 850 [ 830 {860 |87+0 | 865 |86-0 |86-0 |34-8 [84-5 |86+5 |84-0 (84-5 84°6 85+3
Average | 86-0/ 34-8 184°3 [88°5 {870 |86-5 |86'3 {868-0 |84-¢ [84-3 |86°8 [84-3 |84-8 |85-0 855
Hx:z::—_:: 2:‘:23:7:::::: -t Tl :z::*-::z t-— =R oo o = =muss ======H======l=-==ﬂm
A 21°2]18-4 [20°0 |22°4 |22-0 | 23°4 |24°8 |24-C [23-€ lez-s |s2:0 |20°2 |16+0 {170 214
SILAGR B €1+8 ] 18°4 | 206 |21-6 |22-8 [23-2 |24-0 [23-2 {23-4 |23-6 |28+5 {196 |17+0 |17-5 214
Average | 21°5 | 184 |20-3 {22-C [g2-4 | 253 {24-4 Jo8-6 |22-5 |23 2 |2s-8 1900 |16°5 |17-5 | 21°-4
.&==:::::z::ma*zgzs====a=========m=u R e T :::l::;zz:-:gL-:n::.—:.:j:tzsm#m:m::ua:ﬂ“:mmﬂﬂm:&:zzm




ZABLE X.

et sttt

Group| Cow DATE
No. Rame | Ratiao. | 13/7 | 14/7 | 16/7 | 16/7| 17/7 | 187 | 197 | som| 217 | 22,7 e3,/7 | sam | surv | 2627
L Xatie | Hay 21-0f 8+0f 46} 45} 60| 8-0}/6-5 |40} 30 |2°0 |20 |35 |70 55
73 Yuten | Hay 351 30| 05) 35| 25| 2-6}] 90 10/ 30| 40| 25| 5.5] 56| 1-8
111 | Yoetta | Hay 6:5} 464 05} 2-0f{ 40} 3-0] 50} 2-5{ 85| 2-0f 20| 25| 1-0f{ 16
1v Hay 6.5y 46| 25} 3°5} 60| 58] B-0)] 2°6{ 86| 10| 65| 10| 06} 80
SERSESfzmnEER =g omes e s o sannkosmwnTss s
I Addy | Hay -1 861 45} 3-5| 85| s-0] 5-0] 20 0| 2°5 5-0f 5] ¢-0! 1-0
Silage } 82-0 5] — 10l 20] -] ae-

ir APt Eay _ 56 ] 6-0 : 251 50| 20| 451 1°8] 86 40! 86| 40| 20| 38
81lege |10°0} 4-0 Y NG RN RSN N (e

) ° * o F, » 'Y Ko o 13 . LY N . . L3 )

T Viexry |BAY 3¢} 4°6] 46| 25| 6°0] 30| B0} 3 36| 36| 85| 4°0f 15| 3
L Silage | — 4 ——1 16 — Bl o) B et M
v | 7oy Hay 2o | 5016 | 4F] 45| 6| 55| 66| 5-0| 6] 0| 25| 20| 80
Gszrz—;a"--—z 251.8? === ! R— e at b 2 r = " W], M- --:_.,___
=3 X :E% Bt .Hachum _-__Thmmnfma.—lpﬂu*nmjzmm*znzmm_ -.,-_‘=i=-__._+=::=

1 Yupena | 81lage |16-5 |16°0 | 60 | 3-0{ 140 |29-0] 6-0 |13-0| 18°6| 5-0| 506 5:0} 8-0]18°0
i1 Y.acha |8ilage |16+ §26°0 |21°0 A% | 25°0 [84-°0 | 16°0 {25-0) 86-0 | 15-0} 24-0 {10:6 | 4'0] 140
111 3ally |Silage | 8°5 {10-5 | 5°5 [13°5| 5-6 |26-0f16°6 | 7-0}| 15-5 | B-0|14-0 | 80| 35| 140
IV | Sarbare|silage | ¢-5 116'5 }10-0 11-.3-0 150 134-5 14-0 |20-0} 28-0 |18-0| 22-0 [13:0 |15'0| 33-0
T T SNSRI S s NP SN FUNNIN SIS W SUNGR . S ——



ZARLE.XXL. . (14 aayas: 13/7/48 - £6/7/48)
Ration Refused | Refuse DATE
Oow by Sample.
Received | Cow - 13/7 } 14/7 | 18/7 |16/7 | 17/7 | 28/7 | 19,7 |20/7 | 20/7 | 22/7 | 23/7 | 24/7 | 25/7 }26/%
Katile Hay 83'0131'6 |35-0 | 8145 | 85°5 | 816 | 80°0 |83°0 | 800 {a3:0 |80-0 | 78°0 |79*6 |B3°5
HAY Yuten Hay 84'0]81-5 |85°0 180083 g |31-9|84°0 |85+0 |84°0 | 82+0 |51-2 | 820 |84°0 317
Ynetta Hay 80°0) 79°0 |80 |7V 770} o5 |83-0 |75 |76°G 760 |76°8 {25 |80 O |77°5
Frivalous | Hay 79°6]| 77°8 | 80°C | 79:°0|78:8|80°015,-5 |vo.c |79°0}79:0 780 |vzer {800 {760
h‘“““'==‘#='“"““=+==”3 == ==‘==+=I=I=Ll=l=tw=h=n=ﬂr—_=ﬂs n=aze :===a¥=:==¥u===_ e e .
iy Hay 83+5 | 83°0 | 86°0 | 820 | 83°0 | 82:0 | 84°0 |gs-0 {82°0 |az-0 {80°0 | 78°5 |83°0 |31-7
"
HAY Sila 22°41 19°8 o= — - ——— | e $5°6 | 2442
B Art 4 Bay 83:5180°0]86°0 J50-g |86:0 |1+ |83-5 [a3-0 [32:0|84-0 [82°5 | 80-0 |31+5 800
SILAGE Vioky Hay 7g.7 | 76°0 § 79°0 foy.g | 80°0 | 790 [ 800 [79-0 [80°0 |76:0 | 78°C | 74°0 |50.0 |78°5
silage | —| — 0. 2= by
Toy | Hay 75:7 ] 76:0 ) 82°0 | 76°0 | 78°0 | 796 ; 81-D |76+C {76-0{ 73:0 |75-£ | 71°0 | 80°0_|78:0
8ilage ——] ] - czee | mee | =] mmm ] mm ] e | e | -
BTSRRI OIS ERETa= ======h======m===+==L=mA==== PRS TRt S—— e L e e e
Yupena Silage | 254 19°6 | 23°C | :5-2 | 212 ) 24°0 ) 23°0 |26:0 {244 | 24°4 | 236 | 16+4 |16°4 |18°4
STLAGE Yuscha Gilage | 22°0}19°6}21:C |23+2]21-6] 200 ee-3 |25'c |24°0]24°0|22°8|18-0 172 [17°6
STLAGE
? sally Silage | 20°8| 20°0 | 19°6 {21-4}20°4 ] 280} S3°G |24°2 24032 |21-5]17-4}16°4 |17°8
Barbara |.llage | 20°2| 20°8 { 20°0 | 21°6 | 21-2 | 22°8 | 22'g [24°0 |22-8 | 22°4 | 20°7 | 16°0 | 16°8 |18°0
#===t=====é=========4====u= e =====F==H=Lt== L T S e S o :-.:..-:#-.-.::-.z rrmeckrsssoSsIsITacs
i".B., Fhourus ip yed weP: e awepinye o Gry uther Sreetuges doteryirk Teot Suiog

1

asoha pofused feuds.




Group] Cow Ration DATE : i gl —
No. Name. 13/7 J 14/7 | 15/7 | 18/7 | 17/7 13/7!19/7 so/7 1217 |ee/7 1es/7 |ea/7 | 25/7 |86/7
1 Katie Hay 9-1}] 41} 3.8} 37} 50 2.5} 4-4] 83| 2-4| 17 6'4# 6-86| 56| 4°6
11 Yuten Hay 2-g] 281 0o-«] 28} 22} 2-1] 7-6]| o8| 25] 83|20 4°56] 46} 1:2
II1 | Ynetta Hay 52| 36| 04| 0.8} 29| 22| 4-2f{ 1-9] 20| 2°8({15]12-8| 08} 18
v Frivolous| Hey 5.c{ S5 36| 28} 89| 2] 2¢] 1.9} 20} 008 |51]07]| 0:4} 2-2

sm-::f:mm TR ===mq-=um=&-n= : - = :m:::-=+=m ﬂ:zu#:mﬂuﬂ = b 2ot o
1 Addy Bay g:1] 2-9] s-8) 28] 7-1 |25 42| 171 41} 13524} 28] 52} 08
811‘@ 4.9 2.7 o‘s 0'5 — ——— o o —— o s
11 | art Hay 4°6] 40| 30] 2-0] 43 [ 18] 58] 18] 20|84 |45 [3se]1e|ss

Silage| 2-1} O-8 : _

111 | Vieky Hay | 281 34| ¥6| Tof &8 [ B4) L0 2B [T A O R -

Silage| -—}| -— | 0°8

w | Toy Hay 0] 58] 48] 34 36| 68| &5 40| 88]| sS85 |e686| 18] 16 25

I Yupena Silage|{ 3°7| 31} 14| 07| 80| 70| 1°4] 34| 48] 22 |1-2 ] O°8}f 1°3 | 3°3
11 Yuscha Silage| 3°6) B°1) 45| 59| 54| &3} 37| 63| 8°6a] 32 {55} 19] 0°7T | 25
IIX Sally Silage| i8] 2-12}] 1-1}| 2-9} 17| 5-7}| 89} 17} 87| 1°9] 80} 1.4 06| 25
IV | Barbara Sila 1.9} 34| 2:0] 28] 34| 79| 32| 43| 6°4] 40| 44} 21| 17| 5°9

a::z.—..:L:a:s ﬂmé&mm:ﬁnﬁ:w&:m:n:’nm r ===A===m=-=-:zmczn=uan=tﬂ=ﬂhm




(14 aays: 13/7/48-26/7/48)

"Group| Cow_ | Av.Live IWaaly | Av.delly |
oconSpnp-

Ko. |[Name }wt.for | zati P2 ALE ‘
Period 13/71 14/7 18/7 | 16/7| 17/7 | 18/7 J19/7 | 20/ | 8L/7 | e2/7 | 23/7 | 24/7 {26/7 [26/7 Jtion of :&on of

4 days | 14 days
each | of &
. cows.

I |Kstie 788 [Hay 112-5) 15-0f 15°6} 16°6} 14°5 | 20-0 {166 | 165 | 19-5 | 19+5 | 15°0 | 15°5 IB'OEI'G 16+§
II1 |Yuten 928 | Hay 20:0} 19°0) 24°0{ 21-5| 21°5 | 205 {150 | 23°6 {815 | 21°0{ 225 | 19°5 j20°0 |26°5 | 281-1 18-8
III | Ynet 837 | Hay 17-0| 16°5{ 210 18-0| 16°5 | 180 [19°0 | 185 [ 18°5 | 19°0 | 18°0 | 17°5|21+0 [21'0 | 1B-5
783

IV :  Hay 16-5§ 145 16-0{ 15-5| 155 | 15°5 §17-0 { 17°0 | 18-0 | 18°5 | 13°0 | 19-0 {20°0 190§ 166
%x:"‘ == smmg oI - mm#m mumﬂn:%nzm ﬂmﬁmmm
749 h 4 150} 11-8§ 21-0}] 12-0} 6°5]12°0| 95 | 15 110 { 153°0 | 185 *5 *5 170} 128

-2 0 1

il Silagel 8-0] 16°5] 30-0] 50-0| 30-0 | 30-0 |30-0 | 29-0 | 280 | 30°0] 50-0 | 30-0 |50+0 [s0-0| 27-3

11 |art | ss1 | AY (W40 ISOITEE[ I35 15-0| 180 [1076 |15°0 [12-8 [ 125|110 [ IB-ONE-BHEO] BB | o0 1nes
' Silage{ 20°0| 26-0 | 80-0| 50-0| S0-0 | 30-0 |30-0 [ 30-0 | 30-0 | 30-0| 30°0 | 30-0|30:0 [30°0] 29-0

111 |viexy | o1s |EeL_|32-5] 18°B]| 116} 18-5] 1-0 | 14°0 [13°0 |12-0 | 12°0 | 12°6| 100 mﬁ% 50| sriacs

84lage| 30:0| 80-0] 285 30+0| 30-0 [ 30-0 |50+0 | 30-0 | 30-0 | 300 50-0 | 30-0 |50-0 |80-0 ] 300 29°0

v | 2oy 81y LP8y |I0-E|l 9-0] 9-5130°6] 8] 65 ] 861 7°0] 9:0] 8°6] 601 31-5[3s-5 R1°6] 9°5
r,;.====g.m | Silage| 30-0 30-0] 30-0 50-0| 30-0 30-0 98%22,,2;“ 30,&..,:&2 50-050-050-0| 50-0 "

I |Yopens| 798 | Silage|66°5| 62-0) 74-0] 81-0{ 780 | 58-5 780 | 69-0 | 60-5 | 675 ] ¢1-5 | 820 a-cErsl 699

P‘—-r

I1 |Yuscha] 865 |Silaze|87°5|71-0| 86-0)88°0) 750 | 71-0 [88-0 |e5-0 575 |67-0| 68:5 |12-0]ws0les-0| 810 | 5oeq
II1 |Sally | 913 |silage|78-0|74-0 675 725 795 | 68-0 |68-5 |74-5 | 66-8 [ 70-0] 65-0 | 74-0]06-5 fas-0| 73-5
IV 716 |Silagej70+5| 68-51 77-0| 68-0| 660 | 465 |€1+0 |53-5 | 42-0 | 46-G[ 48-C | 52- &-c;_ko‘o 57-2

m=== ErETmsis s ====-z======m=!é=n=_q.===== e e e i e P e S R e




(24 days: 138/7 /48-26/7/48)

Group] Cow Av.Live| Rati i DaTE . Av.@fly | av.daily
No. | Bame wt., fo ] consump- conaEnp~
Period. 13,7y 147 ) Is/7y 18/7 27/ a8/ ) 197 | 20/} 23,77 | 82/7 | 88/ |c4/7)25/7|25/7 [tion of tion of

14 days 14 days
of each of 4

QOWe COV¥B8.
I | Xatie 788% | Hay 11<1] 12+9f 131|186} 12°8] 17°65} 14°6 | 14°3 { 166 | 16-4| 136|157 |{13°2{17°9 144
1I | Yuoten 928 | Hay 18°1} 16°2| <0°5]| 18°8 ] 18°8| 17°9] 181|202 18*2 | 177 | 19°7|16°7}|17-0|21°8 18°2 e5E
111 | Ynetta 887 | Hay 16°0] 13-4} 17°7 ] 15'6| 14°9} 16°8§ 16°5 t2{16°8 |16°2] 16°9{16-2117-9}17*9 160
IV | Friv 788 | Ha 146} 12°6}| 13-7 | 13°6| 13°9}| 13-6{ 14°9 | 14°3 |} 15-3 ]| 15-6| 21°9|16°3{17°0]|16°5 14°6
m:::wanﬂu::a# y = ==*==_-=ﬂ=====_L=B= ===ﬂ=:====¢=s==—==i:=====i====:ﬁ:m.:==#==;:== Tt s =m:::==—=ﬂes=::_-;====_—#========n
% o 7e5 Hay 12°9] 9-8] 9-3]10°6] 5-9]10°5] 8-3]|12-9| 9+4 }10°9]| 11-1[10°8]{10-8|24°5 mb-m_a
y %ilage|l 1°6{ 2-8| 6-1] 6-6| 67| 70| 73] 638] €6 7.0} 7-1| 8-0| 5°0| 5+2| &8
F 11 1 ant gy | B8y |1E-7| 10-4|10°5 | IX-8 | 114 11-4| ©°1 (15-0 106 206 9-8[li-z|te-a[l1-2 (1T |
silage| ¢4 4°7) 6-1] 66| 67| 7-0] 73] 71| 72| 7°0| 7-1] 6-0| 5-0| 8°2| 6°2} 16°8
111 |viery | o8 PR L0 ol S0 [TAE |05 [T5 8 {15 [10-5 [$0-% [Y0-8 | O"5 (108 [IS-BIB-0 (T3 {, o
: S1lage] 6°5| 5+5) s5°a] 66| 67| 7.0 7-3| 7.1} 72| 76f{ 7-1| 6-0] 5-0] 5°2] 6-4
IV | Toy a1l LEey_ 52| 8°3] B8° 9°6] 8°7)] 62 76 6°7] 801 77| 6°2110°-1{10°7]10°0 3-4'14.8
= o ey . . . . - - . . - - e’ e S .
‘=='====&——_—==4======= “zi.'."_"ld ;;:—-::'g _—"E::s:ﬂ::gzg‘ z'.?:g 22'!.':':7 :—Z:g*ngzéa ::Zrz::i.-_'z'.::_]-:ﬂl:=2=9 :Z:—:?.: ;::(-J:_—_g—:ﬂ'_-:-:-:g 5_£=*£==='====&======.m
I |Yupena 798 |Silage]l4 3| 11°3 128|178 |17°6| 136} 19-1 [13°5] 140 |16°6 | 14°6]16°5|13-1{12-2 14°9
II |Yuschas 868 [Silage{l8-3) 12°8|17°2§19:2|17-0}17°5}21-7 {19°7 | 13-4 {155 ]| 16°C |20°6{17-0|14°6 17°-2 15 -0
111 {Saily 913 |silagells°s| 186 | 138 |16-0}18+0}15+0 156 |17°5 | 16°3 |16°2 | 15°8 149 [15-9]14°3 15°6
IV |Bartwre | 735 |S11ag6|15°3| 10°4 | 157 |15°0 |15°0 | 11°0 |16°1 |12°6 | 101 {10°6 | 12°0 [10°8 {183 | 3°5 12°8

=== e N e . . S S o S S e N T s S T T T N T T T T N S T S N T T T T T T T R N TN T S S SRR SR TS



(14 aays: 15/6/48-28/6/48)

Group| Cow Ration Date of Weighing. Av.Live
Ho. Rame cow ; Wt. for
Received. 15/6/48] 22/6/48 J 29/6/48 | Pericd.
1 Addy Hay 732 726 757 738
11 Art Hay 817 851 852 840
11X - 8ally Hay 860 8684 1 868 864
IV Barbara Hay 714 708 728 716
) 771 782 773 778
11 | vescha |-$8im) 817 853 851 840
111 Ynetta -h:--.; 862 833 864 853
Silage ]

v rnvazoalan‘ ,g 788 757 789 77
< SRS IR Mﬁngmmémﬂéﬂﬂm —MIET
1 Katie Silage 749 414 767 748
11 Yuten Silage 849 851 874 858

111 Vicky Silage 880 881 892 684
Iv Toy Silege 793 783 776 784
ssprodzam-oroarmes s mrrmoscmorenmges —momoe



(14 days: 29/6/48-12/7/48)

| Foo™ | Fame Batac® | Dbeto of wWeighing. e
Received. | 29/6/48 {6/7/48 |13/7/48 :# Period.
1 Yupena Hay s 804 811 796
11 Yuscha Hay 851 382 884 are
111 Vicky Hay 8928 17 9086 9056
v Toy Hay 776 821 803 800
wﬂ:az&: == ==I==m=-=mﬁ==-=.m
I Katie —3&7—-—; 767 796 785 78S
5ilage
1X Yaten -m-—-; 874 919 917 903
Silage
e
111 Sally -;!g.;-; 868 889 899 885
v Barbare -"Z‘ ; 785 739 727 730
8
_____ 1 Addy Silage 757 747 724 743
11 Art Silage 852 856 867 865
111 Ynetts 311age 864 852 825 847
IV Frivolous) Silage 789 775 770 778 '




Group | Cow Retion Av. va;‘
BNo. Hame aow Date of m 249 wt., fer
Received. | “YS/7748 . 20/7/48 ,T7/7/38 | Period.
I ! EKatie Hay 785 790 7T 7856
L. II | Yuten Hay 817 930 936 9£8
JII | Ynetta Jﬁny 825 843 844 837
IV | Frivolous |Hay 770 786 793 783
*wlmﬁ“: m-nﬂzmﬂs:mwm
1 |aa 5 mg’g 724 e | ™m 749
Hay
II | Art 8ilage) 857 863 873 a8l
12
111 | Viexy ?’—-—; 906 918 929 018
IV | Toy —! 803 804 827 311
I § Yupena S8ilage 81l 792 792 798
II | Yuscha S8ilage 884 843 867 8635
111 | Sally 8ilage 899 897 944 o13
1V | Barbara Silage 727 712 708 715




(14 days: 15/6/48-28/6/48)

TABLE (T{TX.
Items
15/6 | 16/6 | 17/6 |18/6 |19/6 | 20/6 | 23/6 | 22/6 | 23/6 |2a/8 |26/6 | 26/6 |e7/6 les/e | Average
Temperature 48°8 | 54°6 | 54°0 | 49°4 |{53°0 | &7°0 | 69°0 | 58°2 | 63°3 |59°8 |63°2 | §6°8 |563-2 [61°-8 680
(degree F)umm 36°0 | 31°8 ! 31°6 |368-3 |45°5 |49-2 | 470 | 430 | 35°8 |43-2 |48°3 |27 |40 W56 ]| 4-4
Relative Momdity | g4.0 930 |97-0 |66-0 [84:0 |97-0 |87+0 | 760 [79-0 |97-0 |s2-0 [76:0 [80-0 [ro-0| se-s
Rainfall 0-11 {Tmece | K11 {H{1 i0-01 |0-15 |0-08 |0-05 | 41 }{o-1 |0-0S |0-01 {o-08 f1-25
(inches)
Hours of Sunshine 3°3 6°4} 6°9 | 03 1l-6 1*9} 10| 89} 8°0 | 4*6 | 4°0| 4°0 | 056 Wil
Frost 27 58 6°0 22
=:==u===a==u===¢=¢===#=m==m==—- — 3 —1 == = : 13—t
light glight | calm ght Hght r
Wind alr eeeze recza| ate | air
| J——
p - s SmpIiETEERESEIEE umwm

* oW =



TABLS XXX. (14 days: 25/6/48 - 12/7/48)

Items 29/6|30/6 |1/7 |&/7 | 8/7 | &/7| 8/7 | &7 | 7/7 | &/7 | 9/7|10/7 [11/7 [12/7 |Average
TemporatorofeXimm 55-7 | 57-5 [p5-0 [pa-5 |62-8 |s3-8 | 59-4 | 556 |85-0 |67-3 |65-0] 67-0 |s5+5 561 560
F(““"" F) yinimom é5-8| ¢0'8 li""” b-r-o 545 |35°9 | 33-8 |51-7 [40°6 |45-2 |34-2 ] 40-0 |57-5 |35°8 58-8
R"l“f;; haakLy 82-0 | 82-0 }u-o }s-o 89-0 |96-0 | 87-0 [82-0 [98-0 [80-0 {97-0|80-0 |91-0 |82-0 | 864
Rainfell (inches) Fil | K11 fjeece j0°13 jo-13 [¥02 [ F11 |Fi1 |o-1s | 0°1 |N11 | 0-02 [0-16 |Ni1
Hours of Sunshine s8] 44 |19 |sc0o]o1]85]| 79| 89| 53 |09] 2:1| 7°6 | 3.5 ] 89
Wina ﬂﬂmnﬁmw gt |Light | calm |mod- |light | gmte

bresse | bresse alre air 2| alr| alr ara®® | air | wemp
Txvons @
Prost (Deg.) 30| 25] 45] 65] — | — ] a2] — | 2°2] 5°0
mm:-:::m:“umnﬂ*nmmm:zzmumﬂm“ﬂ m:zﬂﬂzzzmﬁmmﬂmm=mﬂm=umz=zz
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TABLE XXXI. (14 days: 13/7/48-26/7/48)
| Avetage;for
Items 157 {1a |1677 | 16/7 [ av e Lasr L aom (207 feasr bes j2am Loasr lessr leepr | BBe Forded-
Temperature M8XI®E | 5).0 |g5-7 |53-5 | 62-2 | 62-8 | 49-5 | 54-7 |65-3 603 Jss«.e — |61-0 lso-o 56°0 56°1
(degree F) 20T 366 |45-2 |40-5 | 83-2 | 416 | 42°8 | 47-0 {62-0 [49-2 3 |— [46°0 Prs 46°4 4l+s
R‘““‘(';)Hmd“’ 72-0 {72-0 (860 |91-0 | 76+0 | 74-0 | 84-0 |88-0 [sa-0 be-o [— [es3-0 j2-0 les-0 820
| Rainfall (1aches) Nil fo-39 |N11 |N11 [mi1l [mil |mi2 [o-15 Jo-14 p-12 |— Jo°22 p-0s jo-09
Hours of Sunshine 02 {07 | 54| 38| 61| 2°7] 63| W11 ]nu 04 |~ | 47 {05 N12
_ﬂ:
wind getissligt | Neht | calm {1ight |1light | fresh | Sush jomtle Digt gntle 1ight
twesse | lwesse | adr air | air |brease|lxeem ailr |— |breszs remsss | alr
Prost 16 | == | —— | 4°5 p e, e WA SEG DiS:
BEE ORTE I T D T T T I SRS SR A TR T =mm&mm#umwhzs =R EchCsoNCRCTSSroSsRSomsTTTRS R
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APPRNDIX 2.

STATISTICAL TREATMINT OF RESULTS.

l. Zrocedure.

As mentioned before, in this desizn of experiment, each group of three ocows
gonstitute an independent experiment (ii:ures 1 and 2). The experimental error
then, can be e3timated by analysing each group separately by an anulysis of varianoce.

This i3 shown as follows:-

Legrea of freadom.

Eetlween cowa ... i “ve oo 2
tstwasan periods ces cee see 2
Between rations vee oo vos 2
irror cee eee se N
TotAl .o ces  see  ses  ses 8

In the estimate of arror, tr2 diiftferencss hetween cows and between periods are not
includad becauss by the naturs of tha desiin, these are excluded from the true
errors of the ration rneans. This typs of analysis i3 carried out for eagh of

the four zroups of cows, Then. on combining the four analyses, the following
subdivision of dexrses of freedom is obtalrnad for the whole expsriment..

Lagresa of free dom.

csetwesn cows within zgroups sae [
Between periods within sroups ... -]
Betwssn rations coe coo soe 2
Interaction of rations and groups 6
Between groups eee cos cae 3
arror ces ees oue cos eee ___8
o tal e eve oo ces coe —2

The aizght desrees of fri:edor for bstween cows, between poriods and error are the
sums of ths corresponlins terms in the four sroups. Similarly, eight degreos of
fraedom are ottained for betwaen rations, but these ars divided into two lots;

2 dagress of freadom for the average differasnces betwesn rations and 6 degrses of
freedom rapresanting interaction of rations and groups. This is dons on account
of the fact thit the differsncesbetwsan the rations were not the same in all Zroups.
The ramaining & degress of freadom are for the diffsrences bstwsean the group totals,

2. __analysis of variance of the dally dry matter iniske.

The averaged consumption of dry mattsr per cow per each pericd i3 given in



- 105 -

table XXXII.
TABLE XXXII. Individual Total Lry latter Consumption:
(1b. par cow par period) (Total of 14 days)
Group | Cow '
No. Kame. Period 1. Poriod I1. reriod III. Total.
1-
Addy A 234 B 119 (4 230 583
- Katie B 286 (] 202 A 201 629
Yupsna c 249 A 252 B 298 709
Poeriod Total 709 573 639 1921
# B l28‘8#I?Is'l.ti&ﬂ"*’.tlt:”t. ERTETE TESEYSECSETORNBFEERNL ETIT LIS SEIRTCTRTEREBEDY
Yuten B 247 i 245 A 266 747
II Art A 27 B 204 c 243 718
Yuscha C 303 A 263 B 241 6%
2oriod Total 821 232 739 2292
.'I..'lﬁ......'l-.---.d -..l'l".-.-I‘I.I*l.l“’#*.".&..-.‘. DROVENEGE .-.'-Ikﬂ‘.‘.-.'r
Vioky B 2563 A 209 (o 249 7l
11X Ynetta c 229 B 112 A 224 668
Sally A 205 ¢ 214 B 219 638
Peariod Total 687 538 692 1914
S e B S S BRI it e
Barbara A 203 (M 197 B 172 572
v Toy B 199 A 188 c 207 594
Privolous (o 239 B 151 A 804 594
Period Total 641 636 563 1760
bﬂ------l— BB o B G B BTG B ES Do S e P e D D P CR e WOGM oR A SO B AN w® MG E Wik = - O e o
A = Hay fed ad 1ib, B3 Gilage fad ad 1,

C= 20 1b. .iluge plus nay fed ad Lib.
Zach g™up of the four groups in the above tadle was analysad separately, and the
degrees of freedom as well as the suis of squares of the four unalyses (Table AXXIII)

were combined (Table 12) acoording to the procedure previously described.

PABLE XXXIII. Analysis of Variance (34) of D.M, Gonsumption by eash
Group of Cows: #0tal consumition per cow per period,
in 10,
drou .
Itoms Degrsas of Su?s Mean Squares.
#rosdom. 33
1. Betwesn cows within
groups 2 2709 1358 ’

2. Betwean rPeriods 2 3083 1542

3. Between Rations 2 _ 2619 1910

4. Error 2 3229 1615

5. Total 8 12840
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Group II.
Items Degrees of Sums of Mean J3quares.
Freedom. Squares.
l. Batween cows within
Jroups, 2 2124 1062.
2. Between rsoriods 2 1638 816
3. Between Rations 2 26485 1323
4. Trror 2 47 24
5. Total 8 6448
group III.
Items Degreas of 3 us of Xean Squares,
¥reedomn, 3quares.
l. Between gows within
Group. 2 3568 1176
2, Batw2en Periods 2 8308 2654
3. between Rations 2 1943 978
4. irror 2 2787 1294
sroup_ IV.
Items Jegrses of Sums of Mean 3quares,
Freadom, Sggaraa.
l. Between cows wi thin 2 107 94
Sm\]pc
2. Betwean reriods 2 1843 922
3. 3etwren Rations g 2474 1237
4. irror 2 332 166 i
J g. Total 8 4756

Be Adjus tment for carry-over effaat.

Owinz to the shortnoss of the chanse-over period from nna ration to another,
a oarry-over sffect of tha ration given in the previous period miy ve anticipated.

w¥ith one Latin 3quare desizn, iimple averages d» not 3ive unblased estimates of
the sffsots of the rations, e.Z. with the layout showmn in rizure 1, ration A is
preceded by ration C in both the sescond and third periods, and similarly B by A and
C by B. If i has carry-ovar affeast and C s large oarry-over sffect, the ornsump-
tion for ratlon i may be inoreased by the benefiocial carry-nver efiest of C, while
those for 8 be unaffected by 4.

But with the two Latin squures desizn uied in this experiment, (figures 1 and 2)
a direct evalu.ition of the ocarry-over effecy§s is possibdle. This may be seen by

examining the to tal dry matter consumption of each of the six sets of oows (each
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set receivec onz seguencs of rations), shown in tableXXXIV.

TABLT XXXTV, Potal Dry Matter Consumption for eagh of the six sets of
Cowa. (Totals for 2 cows (4 weeks) in 1b,)
Set Cow Set Jrand
No. Name, Period I Period II Pariod IIX Total To tal
1l Aday A 509 B 323 c 473 1303
Art.
Katie B 473 ¢ 447 A 456 1376
2 Yuten
Yupena C 8b62 A 535 B 449 15326 7889
3 Yuscha
W:ztrq:8.‘:3::=====43‘-‘==I=-SIHLS$I== ==== 3!3-&232221'3‘:.: - a :‘:'-‘-3;'-'.:'..‘.:*2‘:::::%
¢ | 8ally A 408 ¢ 41 38 39 1210
Barbara
Vick
5 | moy " B 462 A 59T ¢ 466 | 1208
Ynotta
6
A * Hay B = 3ilage G » Hay plus Silage.

fhe rasults during the first Pariod do rot require adjustment, sinoe all

cows recsi ved the same precedinz ration.

In pariod II, two sets of cows, 3 and 5, reueiving Hay. 0f these, set 3,

having had hiy and silaze (C) in the previous period, consum:d a total of L.M. of

535 1b., while 8st 5, having had silage (B) in the previous period, sonsumed a

total of 397 1lbo. The difference, 126 1lb,, is an estimate of the difference bet-

wean the oarry-over effsot of C and that of B ration.

3imilarly, a oormparison of the oar-y-over effects of C and A ration is

obtained from sets 1 and 6, at Period II, and a compariinn vetwaan B and A rations

from sets 2 and 4.

The sams comparisons are rsprated with the results in Period III.

Thase are shown as follows:
In Period II:

Set % gonsumed 535 1b. ration 4 having had ration C in Feriod I.

Set 5 ¢ nsumed 397

diffarance = 136

Set 1 consumad 23

Set 6 consumed_263

diffearence = &0

3et 2 onnsumaed 447

Set 4 consumed 411

difference « 36

1lb.
lv.

1b.
lo.

1lb.

lb.
1lb.

1lb.

ration & having had raution b in
(batween the car~y-over effect

ration 5 having had ration A in
ration B having had rmation

(bestween A and C ration).

ration C having had ration B in
pation C having had ration A in

(between B and A).

reriod [.

Period I.

C in Period I.

Perioad I,
Period I.

of C and 3 rationl.
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In +eriod III;

Set 2 consumad 456G 1b. ration A having had ration C in Period II.
Jet 6 oconiumed 428 lb, ration 4 having had ration B in Feriod II.

differsnce = 28 1b. (batween C and BJ.

B30t 3 crniumed 449 1lb, ration 8 having had ration

in 2ariod 11.
3et 4 crnanmad 791 1b, ration B huving had ration

in Period II.

op

differance * 58 1lb, (between A and C).

Set 1 coniwmad 472 1b, ration C having had ration 3 in Period II.
Set & oconmmad 456 1b. ration C having had ration A in Period II.

differance = 17 1lu, (batween B and Al

It can by sesn from the abnve s8ix comparisons, tho oarny’ovor_efteota of each
ration on ths other two rations wers not in vhe same airection. Thus cows having
received ration C in the previous period atﬁ nora ration A but less B; ocows having
had ration i, mors ration 5 but less C; and cows havirg had ration B, more ration
C but less i,

Thease inconsistert effeots of eaoh ration on the other two rations, indiocate
that 1ittla, 17 any. real carry-over effects were presert. However, for ths sake
of oomplateness in udins this experimantal Jdesiyr, estirations o7 the direct effeots
of the rations, frae from the disturdance dus to carry-:ver effects (1.s. adjustment
for carry-over affect) wers ocarried out .y i tadhuique <nown as the mathod of least
squaras. (7).

In this prcedurse, the observed dry matter consumption for any cow in any
period 1s sxpressed a8 a linsar Zunction of the effests of the cow's ingestive cap-
abili vy, the pori-d, the currant and previous ration3, and the experimental error,
Por exa:plz, onniider a oow receiving in succession 4, B and C rationg. Its dry
mattar oonsumption, YL, Y2, anéd Y3 in the thres pericds are expressed as follows:

Yy=m + P + 44 + 61
Yg=m + P2 + Ap + Yq ¢ 62
Y= m + Pg + dg + Yp + €3

ihere m = mean dry matter censumption for the cow

Pl, Pg, Pp = effects of the three periods

dg, dp, dg = @irect cffects of the ratians

Ya, Yp = residual effecte of the rntions <lven 1n the previous period.
8, €5, @y = axperimental errors.
No para 2tar 12 required t° represent rssidual effeots in the firat period.
The constants ¥, 2o, P3 raain -nchanzed for all thres cowa in the same zroup, Since
1) ] )
only bthe group avarases of the iifferences batween periods are eliminated from the

sxparimental error. sfter setting up equations of this type for every cow, the
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constants wre estimated by minimizing the sum of squares of the experimental errors.
The data raguired for calouluting the adjuated consumption for eaoh ration
are shown in the Iollowing table XXV (obtained from table XAXIV) ,

PASLE XXXV. Data for calovliting ths adjusted ernsumption
for 3aoch ration,

Ration| #ation towal | Total consumption [ rotal of ssts (oows) | Srand 2 ()
of all cowy after regeiving same rat- Total. 3
havinz beer on: ifon at reriod III.
A 2729 A ratlon = 1639(a) | *°° 55753’?32456)
B 2351 B ration a2 1745(b) | set 2 +set 4 = e
2746 (93 +94) ey § RaRe
c 2607 C ration = 1645(c) | set 1, s0e% 0 =
2606 (731 +3p)

A “hay B = 311age C = Hay plus Silage.
The adjusted mean oconurptions psr cow par pariod (?) (total of two waeks) are
then zivern by ths followins equations;
A ration -
43 Yo = 5A + (Sa~b-¢) + Sg + Gg = (*) T
= B x 2729 + (£ x 1639 -~ 1745 - 1648, + 266 - BBES
= 10,810
HenceYa = £26.2

48 Wy = BB + (Bp-yec) *+ 'z + 3¢ 4'Q§) T
= © x 2351 + (S B 1745 - 1639 - 1646) + 2746 -~ 5258
= 9,449
Hence fb = 196.9
C ration -
48 Ye= 6C + (8¢ ~a=b) *+ 31 + 35 = (§) T

= 5 x 2807 + (2 x 16485 - 1639 - 1746, + 28603 - 5258
11,29}

Henoe Y.'c = 23512

Tha oorrespondinz unadjusted msan gonsumytion "par uow par pariod " are the
thvals A, £ and C divided by 12 (the numbar of cows in sash touall,

The adjuited as well as the unad justed mean consumption per cow per period are

21ven in the fnllowin; table XXXVI.
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Xean Jry latter Consumption per Cow per Period of Two Weeks

sefore and ifter Adjustments for carry-over Iiffects,

Ration Mean Corsurption Mean Consuwption ifference in
bofors adjust- after adjust- ¢on ;umption
mant. ment. dus to adjust-

ment.
A 229%.4 225.2 - 2.2
) 1959 196.9 1.0
c 2% 9 23542 1.3

A8 shown in the alove tavls,

there wers litsla differance:; in mean c nsumpt-

ions before and after aljustnments for sarry-over effects, indicasing little earry-

over ecffects wera preaers,
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