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Feeds an eding 

T'l .1 J:eeos -

Five paddocks, three at No. 3 ry unit and two 

at No. 1 Dairy unit, were reserved well in advance of 

the commencement of the experiment. l~ticular care 

was taken to avoid contamination with dung. Cutting 

of pasture was done daily and completed by 9.0 a.m. 

Sufficient pasture was cut every morning for a.m. and 

p.m. feedings. The pasture was kept in the feed 

preparation room adjacent to the feeding barn and was 

covered with a tarpaulin te r the a.m. feeding in an 

attempt to prevent wilting, and to ep the dry matter 

content as even as possible through the mass. 

The pasture was cut with a Flail Forage rveste r. 

This :TJachine was satisfactory in that it chopped the 

sture into 2- 411 lengths with very little bruising. 

ture height varied from 4 - 1 Lt 11 and it vvas possible 

to cut the pasture at a height of 2 - 311 from the ground. 

Care was taken not to cut too low, thus avoiding 

contamination of the feed with soil. The concentrates 

used consisted of the following i redients in a 

pelleted form: 

1. Barley meal - 80 parts by weight. 

2. at bran - 18 parts by weight. 

3. Dried molasses powder - 2 parts by weight. 

(ii) Feeding-

The pasture was fed twice daily at 9.0 a.m. and 



5.0 p.m. 11 'ropping up 11 of pasture was carried out 

during the day if felt necessary. The concentrates 

were d to appropriate cows ice daily at 7.0 a.m. 

and 2.30 p.m. prior to the feeding of pasture. 

(iii) Intake measurements -

The cows were fed individually. The pasture fed and 

used was wei d and the weights were recorded to 

the nearest 0.5 Kg. To ensure ad.lib. feeding sufficient 

pasture was offered to each cow so that refusals were 

more than 1 of the amount fed. The refusals vvere 

weighed once daily at 3.0 p.m. 

The concentrates were weighed to the nearest 50 g 

and fed in small removable bins placed on the side of 

feed bins. usals, if any, were weighed and 

wei ts were recorded to the nearest 50 g at each 

feeding. 

( iv) Sampling of feeds offered and refused -

Three representative samples of the pasture offered 

to the cows were taken at each a.m. and p.m. feeding. 

One sample of refused pasture was taken each day if it 

exceeded 2.5 for determination. the refusals 

were below this amount the mean of all refusals 

were used. However, this situation rarely arose as 

the refusals in most cases were considerable. Duplicate 

determinations were made from 225 g sub-s les of 

pasture. Thus six determinations for each feeding 

were carried out and the mean was used to calculate 
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the pasture fed. Single determinations were made on 

each cow's refusal sample which was taken after thoFough 

mixing. Three repFesentative samples of concentrates 

fed were also taken twice during each period and 

duplicate deteFminations carried out for each sample. 

The determinations were carried out by keeping 

the feed s araples in a fo rced-d rau t oven 
0 

at 75 C for 

24 hrs. 

3.1 .4. General agement 

The cows wepe kept in the feeding bapn from 7.0 a.m. to 

10.0 p.m. each except during the p.m. milking, i.e. at 

3.0- 5.0 p.m., when they were kept in a lo in shed close to 

the feeding barn. A pad of s t w as p rov ide d in the loaf in 

shed. The anim shad approximately 12 hl" access to food evepy 

day. ater was available at all times both in the feeding barn 

and lo ing shed. l the animals were groomed once a week. 

Cows showin signs of oestrus were either mated OF in-

seminated from October onvvsrds and records lcept. 

3.1 .5. Live-weight asurements 

The cows were wei d at the beginning and end of each 

period at 8.0 a.m. an atte t to peduce the effect of t-

f on live-weight the anim s VieFe starved for 14 hrs. Thus 

on the day prior to weighing the anim s were allowed 1 .0 hr 

access to their p.m. feed instead of the usual 5 hr. Live-

v;eights were recorded to the nearest 1 .0 

3.1 .6. ilk Sampling and Recording 

I'he cows were milked twice daily at 6.30 a.m. and 4.30 p.m. 
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in the milking shed jacent to the feeding barn. ilk wei 

were reco d to the nearest 50 g at each milking for six days 

a week. Proportionate samples of mille for the termination of 

fat and contents were taken at each milking. se were 

combined to ve o de te rmin ions per week on the two com-

posite samples of six consecutive milkin 

0 were kept in a cold room at 4 C. 

each. The s 

milk fat determination ;,vas carried out by the 

es 

standard rbe :r thod (British Btanda Specification, 19~5 

and the tot solids were determined gravimet cally by the 

chnique standardized rin the ield eriment ( ee section 

2.1.5). T content was obtained by d ference. Duplicate 

s s were used to determine both milk fat and contents. 

terminations were repeated in cases re d e rences 

ater than 1 occurred. 

3.1 .7. Botanical Composition of tu re 

j_cate representative s for botanical com-

position from pasture fed were t n twice -,';ee The main 

components of pasture were separated out and dried from a 

1 00 g sample so t the components could e.:xpressecl on a 

m.: basis. 

3.1 .8. Chemical Composition of Feeds 

Daily sub-samples of pasture were talcen after 

determinations and bulked for each period of the experiment. 

L ise concentrate samples ter dete nations were also 

p:r.?eserved separately for each period. The bulked samples were 

ground in an 11 Apexn rotary grinder thro a 1 • 0 mm. mesh. 
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Ground samples were stored at -12°C in screw top jars for 

chemical composition. 

Ether extract, crude fibre and ash were determined by 

t 'ne " 0 c (1 oro\ nne"'-'no [0. • • • • :;0 1 l u. Crude protein was determined by 

a modified technique of .0 .. C. (loc.cit)in which ammonia was 

collected in a saturated boric acid solution ( eker and agner, 

1 933) and me rcu ric sulphate was used as a catalyst ( lle r 

e JG • • , 1 941 ) . 

The digestibility of pasture and concentrates was 

determined by total faecal collection from s wethers ·which 

<tvere fed in metabolism crates. 

Six 18 months old Romney wethers were used. Four of 

these had previously received sheep pellets fed indoors 

for a period of 6 months. Tvw of the wethers had been 

grazing pasture prior to the experiment. 

(ii) Experimental procedure-

The gene outline of the experiment is given as 

under:-

(a) Training period - 21 days. 

(b) Preliminary period- 12 days. 

(c) Collection period - continuous 10-day faecal 

collections from October to December. 

(a) Training perioq- The object of the training period was 

to accustom the animals to the feeding conditions and 

to obtain an estimate of voluntary intake. Pasture and 
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pelleted concentrates were fed to all sheep over the 

training period. Some d ficulty was experienced in 

obtaining satisfactory and consistent intakes of 

pasture with the four wethers which had been fed 

indoors previously. The two sheep which had been 

grazing earlier consumed considerable more pasture 

over the trainin period. 

(b) Preliminary period - 'l'he object of the pre lim ina ry 

period was to have the animals eating relatively con-

stant a~nounts of pasture and concentrates for a period 

before beginning total collection as recommended by 

Blaxter et.al. (1961). sheep were d d into two 

groups A and B. The wethers previously grazing were 

randomly allocated separately to each group with ran 

allocation for the remaining animals. Group A re-

ceived pasture only and group B pasture + 270 g 

concentrates. This amount of concentrates approximated 

the ratio of pasture to concentrates for the cows on 

treatment B of the main experiment. 

(c) Collection period - The dates of the faecal collection 

periods are given below: 

I Period Dates I 
1 October 3 Novembel" I - . 

I 
2 3 November - 13 November 

3 13 November - 2I November 

4 27 November - 7 cember 
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there were no clear differences in digestibility 

between groups A and B, it was aided to increase the 

level of concent e fed to 360 g/day for the fourth 

collection pe od. interval of four days at the 

hi level of concentrate feeding preceded the last 

collection period. 

determinations in fed and refused feed were carried 

out as outlined in section 3.1 .3 (iv) and the ash con-

tent of the feed and faeces de rmination by igniting 

in a muffle furnace at 600°0 for three hours to enable 

estimate of intake to be made. 

te of s 

The technique employed was based on the method of Balch 

(1950) and involved the feeding of stained pasture and concen-

trates to the cows and counting coloured particles in the 

faeces. 

(i) Animals and experimental nrocedure -

Two cows vve re randomly chosen from each of the thl"ee 

treatments , B and C. These were as follows:-

Treatment ! Cows I 
l\. Pasture ad.lib. 82, 95 

B. in + 2.7 con centra tes 35, 78 

(' v. as in + 4.0 concentrates 45, 87 

The pasture was dried and stained with 0.028% 

Cryst violet solution by boiling for 6 hours. The 

dried concentrates were stained by boiling in an 
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0. 05}b aqueous solution of af rani n. 'I' he stained feeds 

were washed in running water thro a cheese b and 

dried in an oven. 

amounts of stained pasture and concentrates 

offered were as f ollovv>s:-

700 g pastu. re 

B 700 g pasture + 225 g concentrates 

C 700 g pasture + 340 g concentrates 

The amounts fed were approx tely of the cow's 

previous day's intal\:e. The dyed feeds were offered at 

6.30 p.m. and vvere eaten by 7.30 p.rn. of 13 November in 

the second rime n tal period. 

ae cal s s r;e re taken pe 1~ rectum for six days. 

The first sample was taken 11-hr t e r f e e d in g , t he 

next three at 4-hr intervals, followed by samples 

taken at six-hourly intervals increasing to 12-hr 

intervals on the last four days of the six-c1 sampling 

period. 'l'he s les were stored at -12°0 until re-

quire for counting coloured particles. 

Samples of faeces were sieved on weighed cotton 

gauzes under a jet of water and coloured particles 

counted under 10 X magnification. The gauzes were dried, 

weighed and stained particles were expressed as the 

number per 0.01 g Six separate determinations 

were carried out with each faecal sample. 

The recovery of stained particles was also expressed 
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as a cumulative excretion for 6-day collection period. 

Cumulative per cents were plotted inst time. From 

the resulting curves the 80 - excretion times were 

determined which represent rumen retention time 

(Balch, 1950). A value 'R' (Castle, 1956) (calculated 

by adding together times of excretion from - 9 

at intervals of 1 taken from the cumulative curve and 

dividing the same by 1 0) was used as a measure of mean 

retention t (in hr) of the stained particles in t 

di st tract. 

3.1 .11. Volatile-Fatt cids, Rumen pH and n nia 

Four fistulated cows were used (No. 

All cows received pastul'e .lib. ~~wo of t 

1 5, 16, 45 and 1 22). 

wel'efed2.7 

of concentrates/cow/day in addition to pasture. 

The sampling for s was carried out in the 

on three days - 20, 26 and 31 October. Three samples ·were 

taken from each cow at 9.30 a.m., 12.0 noon and 2.30 p.m. on 

each sampling day. determinations were carried out by 

steam distillation (Davey, 1964). pH of the rumen liquor and 

ammonia determinations (Conway and Malley, 1941) were also 

carried out on these samples. 

3.1 .12. tatistical Analysis 

(i) Preliminary period-

Differences between cows an days in milk yield, 

milk fat and contents and intake in preliminary 

period were examined by analyses of variance (Snedecor, 

1 961 ) . 



(ii) 

is of variance for the Lat square as out-

1 d by ne cor (loc. . ) an by chran et.al. 

r1 Oti1' for re ications of s \ ../ • j res was used to test 

for d rences en squares, cows wit n squares, 

wit n squares, treatments, and t treatment 

X re in ra ion. The class i ions of 

ents of' 
-~ va a nee is given in le 9. 

0· 
./• al is ria nee 

("' "('?:'•'"' \ ..L .... vel f s and 
cows 

Source of d .c. • .L • Components 

) s-1 16 2 r \ a6 2c( ) I. + 
I+ 

I I 

it n 1,2 a6 2c( (C) ( a-1 ) \ 

10 + ) 
I 

s within I ! 

ares (P) I s ( a-1 ) 162 + 
I 

162 2A Treatments ( ) 1 a-1 + s 
( ) ( s-1 )( a-1 ) t,2 r 0 + ao 

Erro s ( a-1 ) ( a-2) 62 

follow pro re was used for testing 

si . "". J...L'l can ce s ( = an Square, n +no.) 

Squares - = 

= 
(a-1 )(a-2) 

::: 

( a-1) 

I 
I 

-i 
I 

I 
I 
I 

I 
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s • .j... 

lu n are - = 

n1 = s ( a-1 ) 

n I _, \ I ,-, \ 

2 = s\a-1 ;\.a-c.) 

• + l u n Square - = 

n1 = s( \ 
) 

n2 
I ) ( \ = Sl. t 

I 

re nts - = 

= ( 

= ( ) ( ) 

ares X trea nt - F = 

n1 = ( a-1 ) ( \ 
) 

n2 = (a-1)(a-2) 

statisti p ro ce re out l d above enab s 

tin ove erences between tre nts 

to but not f o r t re nt s ince 

t fe rences n t re mente be non-

s icant t si icant d rences be een 

tre nt • .j... 

J.. 1.1 n SOti16 s ares e st, a sep-

ne cor, 

• ) was car d out to examine t tte r 

pose ili ty. 

The class ication of components variance is 

s n 1 o. 



are 

I s 
I auare I -• 

1 0: 

n 

• J_ 

1 u 

( 

is of 

cows as 

( 

d.f. 

\ 
) 

s ( a-1 ) 

s ( a-1 ) 

ance 

I 
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s and 

Components 

!r2 
fO + 2P( ) 

2 ( ) + a6 

I 

r2a,-,~ 
ao (3) I 

!-'-,. 
lr2 
10 + 

1,2 lo + ) 

I T7eatu1en t I 2 ! v11 n are s ( ) 6 + 

I I ( \( )I 2 

( ) 

1 rro r 1 s. ; 1 6 
L _______ L _________ j_ ____ L __ -----·---------1 

differences be n treatments within are. 

F = 
n

1 
:::: s(a-1) 

= ( a-1 ) ( a-2) 

s met as u for• stin the d fe rences 

reatments wit n s ares for m 

' 
cant nt and ield. 

e the t re ment d erences, except that for 

contents of m within square, were found to be 

si ificant, nee the a ysis va ance for 

only is iven in nd 12(0). 

observation of ·- int fi G res s sted an 

existence d erence between pe ods ithin treat-

ments. To confirm is possibility stat tically a 
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separate analysis as outlined by Kempthorne (1952) for 

a hiet~archal classification was carried out. Table 11 

shows the components of variance. 

T_4.BLE 11 : Analysis of Variance 

(Treatment fixed, days, cows and periods 
as random vat"iables) 

Source of d.f. an l Components 
Variation Square I 

i 

( a-1 ) 
! 2 2 2 

Treatments 16 + 6 D + d6 C 
i cd62B + bcd62A 

Pet"iod within 
162 t 62D d6 2c treatment a(b-1 ) + 
1 cd62B 

Days within I 
period ab ( c-1 ) [62 + 62D + d6 2c 
Cows within 

162 6 2D period abc(d-1) IVID + 

The testing was carried out as under:-

Treatment - F ::: 

n1 - ( a-1 ) 

n2 ::: a(b-1 ) 

Period within treatment - F ::: 1''13/T'JIC _;.., t .... 

n1 ::: a(b-1 ) 

n2 ::: ab ( c-1 ) 

Days within period - F ::: UfC/MD 

n1 ::: ab ( c-1 ) 

n2 ::: abc(d-1) 

+ 

+ 

I 
I 
I 
I 
i 

I 
I 
I 
I 
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(iii) Missing plots -

Using missing plot techniques of Sne cor (loc.cit.) 

values of int 

calculated:-

Intake 

ilk yield 

and milk yield for follm"J ing coYls were 

Cow 111 - day 6 and 7 of riod 1 • 

Cow 111 - day 6 and 7 of Period 1, 

and day 5 of preliminary period. 

Cow 35 - day 4 of period 2. 

Cow 36- day 10 of preliminary period. 

Cow 77 - day 5 of preliminary pe od. 

The error and total d.f. vvas reduced by one for each 

missing plot in analysing the differences in milk yield 

due to days in preliminary period and differences in 

intalw due to pe rio 

(iv) Digestibi~~~ -

within treatments. 

Differences in digestibility of between treat-

ments and periods vvere examined by analyses of 

variance (Snedecor, loc •. cit.). 

(v) Relationshio betvveen feed intake and animal production -

The experiment was not designed to yield data for ex

amination of the relationship bet·ween live-weight and 

intake or milk yield and intake, and the data available 

have limitations for this purpose. However, graphs were 

made and examined initially and the relationships which 

appeared clearest were examined one stage further by 

calculating multiple regression. 

The relationship between initial live-weight (L •. taken 
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at end of the preliminary period or be nning of 

the experimental period) together with the 

yield (mean of the three periods) and the tot 

intake (mean of the three periods) was measured by 

multiple regression technique of Snedicor (1961). 

tiple correlation coefficient was also calculated 

to measure total relationship between live-weight, 

yield, and food intake (Snedicor, 1945). 

The use of total intake was sati actory in that 

each cow received each treatment, but less so in 

that tl1e y the tre ments at different times 

(periods), so the respon:c;e to a particular treatment 

could be cted by the period in ch it was applied. 

In this simple examination of data, d ferences in milk 

yields of cows were ignored. 

Feeds 

Botanical composition of pasture -

Table 12 shov1s that pasture consisted mainly or rye 

grass, white clover, cocksfoot, poa species and york-

shire fog. There was a noticeable increase in clover 

content from period 1 onwards at the expense of mainly 

yorkshil7 e fog as the season advanced although the L 

effects were confounded by the use of different areas 

from the two locations, i.e. No. 1 and 3 Dairy Units. 



12: Botanical Composition of Pasture 
(Figures as % oven dried samples) 

,
l Species 

Ryegrass species 
(Lolium sp) 

te clover 
(Trifolium repens) 

I Cocksfoot I (Dactylis glomerata 

I 
a species 

I D • \ \,loa specles; 

1 Yo 
I ( =.:::::..;:;:-=--=-==-::.=......:;;;.. ) 

Othe rsa 

\ 
L. J 

Preliminary 
riod 

3L~. 5 

22.5 

1 2. 7 

8.2 

1 2. 5 

9.6 

1 2. 0 

I 14.0 

1 

72 

riod 

37.0 46.0 

1 5. Lr 29.6 

9.5 5.2 

1 0. 5 3.5 

9.9 4.0 
17.7 11 • 7 

a + Include - Timothy (Phleum pratense); 
(Anthoxonthum odoratum); Goose Grass 
Dogtail (Cynasurus cristatus); Brown 
tenuis) and Weeds. 

t Vernal 
(Bronms mollis); 
top (Agrostis 

(ii) Chemical composition of feeds -

The chemical composition and content of pastul"e 

and concentrates are given in Table 13. 

1 3: 

I 
Pasture 

Preliminary 
Period 

riod 1 
riod 2 

Pe od 3 
Concentrates 

Period 1 
Period 2 

riod 3 

Chemical 
(Figures as 

Crude 
Pr•otein 

21.96 21.05 
20.33 22.44 
18.42 21 • 78 
17.89 23.27 

13.35 7.1 5 
14.33 7.17 
14.27 7. 21 

osition of Feeds 
oven dried samples) 

I 

Ether Ash I Nitrogen-I Extract free 
tract 

5.52 1 0.1 5 41..33 
5.02 10.36 42.05 
3. 31 9.43 47.06 
2.79 9.20 ' 46.75 

3.07 3.73 72.70 
2.40 3-57 72.54 
2. 7'3 4.29 I 70.55 

14.87 
14.97 
1 5. 70 
17.60 

88.30 
86.70 
89.1 0 
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The chemical composition of concentrates was sim-

ilar in the three periods of the experiment. The DM 

content of pasture increased with the advance in season. 

Increases in crude fibre and decreases in crude protein 

and ether extract took place with the advance in time. 

ApQarent digestibilit~ of feeds -

parent d stibility', for sake of brevity, will 

here ter be called di stibility. 

Since there were three intake comparison perlods 

for cows (sectlon 3.1.2) and four collection riods 

( t . .., 1 o) . sec 1on :; •• .-~ 1n digestib 

data of collection pe rio 

i .~- iT 
~ ll,; study with sheep, 

2 and 3 were combined. 

the 

The res ts for digestibility of feeds for treat-

ments and periods are summarised in Table 14. 

14: Apparant Digestibility of Feeds 
(Digestible Organic 1/Iatte r ) 

Treatments So E. c.v. Significance 
I 
\ 

Periods 1 79.6 79.Lf 
2 76.7 76.5 
3 74.7 75.1 

( riods) 

±0.50 ±0.50 
CV( ) 

Sign if 1 can ce 
0.35 ±0.35 

of 
difference 173 1/2 

(Perlods) 

== 
cv == 

== 

8 tandard Error of Iviean 
Coefficient of Variation 
P< 0.05 

== P.c::::..O. 01 

( ) of diffe renee 
(Treatments) 

j:0.84 1. 87 
j:0.74 1 .62 NS 

±1. 70 3.86 

and 2::>3 '" •f'O 
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Little difference in digestibility between 

treatments was noted. Differences between animals 

within treatments were high, the mean variation for 

treatment and B being 2.4 and 4.3 per cent. digest-

ible unit s • The hi variation in digestibility 

between sheep for treatment B was mainly due to sheep 

6 which had consistently lower di stibility than the 

other two sheep of the same group in all the three 

periods. L ise the high variation in pasture fed 

group (i.e. A) was due to sheep 3 ch had consistent-

ly loVJEH' digestibility values than its two other mates 

of the same group. Sheep 3 and 6 were those which had 

previously grazed pasture. 

imals 

Health -

t of the cows became lame in the first few days 

of their introduction to the stall feeding. Lameness 

disappeared within two weeks and no furt r foot 

troubles were noted thereafter, the routine of moving 

the animals to the sawdust loafi barn each night 

assisti the animals. 

Bloat v,ras a problem in the preliminary period, e.g. 

3, 5, 6 and 7 October. A drench of 0.75 oz of a 

proprietary mixture of "Pluronic L64" diluted with 

4 - 6 oz of water was found to be an effective remedy. 

a precaution the pasture was sprayed with emulsified 

light mineral paraffin oil before feeding throughout 
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the experiment. No case of bloat was noted during the 

experimental periods. 

Despite the gradual introduction of cows to con-

centrate feeding some initial difficulty was 

experienced in maintaining intalre during the change-

over between periods. 'l1his was particularly noticeable 

with treatment C and occurred even when animals were 

chan d from B to C treatment. 

(ii) Live-weights -

'.f.lhe live-weights of the cows talcen after a 1 Lf-hr 

fast at the beginning and/or end of each period of the 

Latin squares are summarised in Table 15. 

1 5 L . ,,. . h t 1 ( ) - : 1ve-we1g s 

I Cow reliminary riod 1 Pe r<iod 2 Period 3 Gain in 
I . Period ight 
I 
I 

35 31 o. 6 

I 
325.2 332.0 3U..0.1 I 29.5 

I 

36 3LJ.9. 2 365.5 375.0 I 380.9 31.7 

45 256.2 I 269. Lf 273.5 I 288.9 .7 

77 300.2 306.5 309.7 
I 

31 9. 3 1 9.1 

78 289.8 296.1 302.9 3•12. 9 23.1 
82 317.5 I 322.4 332.4 9.2 21.7 

I 

87 324.7 I 331.5 3Lt1 • 9 352.8 28.1 

95 320.2 I 327.0 3LJ.3. 3 356.9 36.7 

I 111 301 .1 312.5 329.2 335.6 34.5 

1. Talren at the end of each per<iod. 

All animals gained weight dur<ing the experiment 

with the total gain in weight from per<iod 1 to 3 

var<ying from 19.0- 37.0 Kg (mean 28.5 ) • The 

average gain/day was 0.5 Kg/cow. There was no 
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consistent pattern in wei gains periods, as 

some anim s gained more weight during period 1 and 

others either during periods 2 or 3. 

The feats of tre nts on live-weight ns per 

period are summarised in Table 16. Differences in 

weight n between treatments were non-si ificant 

(Appendix 6a). Hi coeffic nt of variation and 

standard errors are associated with tre 

1 6: ect of Treatments on Live-Wei 

ights - Kg/cow/period) 

nt means. 

Gain 

1 'rreatment I i t gain I S.E. I C.V. I Significance 1 

I ( ) -t-:; I ( ) I of differenc~l. 

L 
---------1-------------- -----~ 1 

I 9. 6 I ±0. 51 ,' 1 5 .. 7 5 I I 

" D 

c 
~·:1 

• l!J • 

c. \f. 

B 8. 9 I _!0. 51 1 5. 7 5 I I 
c 1 0. 1 _1_~~~1__1_:_:. 7 ~j ________ _J 

= 
= 
= 
= 
= 

error of me an 
Coefficieot of Variation 

conceotrates 
con ceo t rates 

3.2.3. Preliminary riod 

( i ) DM intake -

'I'he meao intake of pasture during this period 

was 1 0.1 Kg ( 8. 5 - 11 • 5 )/cow/day (Table 17). 

Difference in Dl.I int between cows and between days 

·were highly significant (P<::::._0.01) (Appendix 6b). 

There was little increase in intake over the pre-

liminary period suggesting that animals had become 

accustomed to indoor feeding conditions. 
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(ii) Milk prodqqtion -

Table 1 7 shows the mean milk yield, mill\:.-f at ana. 

contents of individual cows. Differences 

between cows were hi y s i if i cant ( P < 0 • 01 ) but 

between days were non-significant (Appendix 7). 

T 1 7: Preliminary Period - ilk Production 

and Food Intake 

lc~w j Milk Yield I Ivi ilk I<
1 

at S NF ·-Con t e~-t ___ -~I~--I n_t ak_e____ I 
I
I No. I ( ) =f'ot(:1 te) nt _ _ __ __ --1 

l',g I I +- ( ) (?• ) . r---- ----- ·------+--------· ~ 
1 35 I 15.7 I 4.61 8.87 10.Lr 1 

I 36 I 1 5 . o Lr • 6 7 9 . 1 3 1 o . 3 
1 4s I 12.6 4.os 
' 77 I 1 4. Lr 4. 2 8 

7 8 II 1 2 • 1 5 • 56 
82 1 8. 2 5. 21 

87 12.1 6.10 

95 

an I 
I l 
I CV( 1 

14.8 

14.2 

::0 .. 27 

s. 91 

-----

5.86 

5.42 

5.14 

+0.14 

4.66 

= Standard Error of an 

8.63 8.5 
9.1 8 9.8 

9.48 9.6 
9.26 11 • 5 

9.23 9.3 
8.90 1 0.6 

9.72 '11 • 0 

9.16 1 0.1 

::0.17 ::'::0.27 

I 
---------------~---------------~ 

3.27 8.0 

CV = Coefficient of Variation 
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( i) Intake -

usals of pasture we re 1 2 • 0 , 1 7. 7 a 

1 9. of pasture cons on tre nts 

0, respectively. amount bein refused in ica d 

hat cows were fed to appetite. 

ave uantit s of both sture t 

(pasture+ concentrate) intake/cow/day are shown in 

f i res 3, 4 5 and 18 for each tre nt. 

to intake of cows f concentrates 

as si ican r ( P <' 0 • 01 ) t cows fed 

pastUl"e alone. erences in tot int 

be en t vels con centra te were a 

non-si icant ( 8). mean r cent. in-

crease in total intake was 6.8 9. for 

trea nts B C res treatment 

( le 1 9). eeding of concentrate resulted in a 

depres ion pas tu 17 e and int (P< 0. 01 ) 

( \ pendix 9}, t ave crease in being 0.63 

0.66 con cent rate consumed in t rea nt B and 

0 res ctively. ressed in terms of rcentage, the 

pasture cons tion ·was decreased on an ave by 1 

and 11 , respectively, in trea nt 0 and B compared 

with A ( le 1 9). 

variation for .L 
IJ 

fe ren ces be 

pasture a total 

ran in coefficient of 

as 3.0 ..... 

n ri s within square both for 

and intake are summarised in 
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le 20. It will be noted that these were small and 

si icant at the 107~ but not at the level 

( pendix 8), the 

being 2.3 - 3. 

in coefficient of va ance 

F ures 3, 4 and 5 show that 

intake of cows fed pasture alone (Treatment A) in

creased from period 1 to period 3 and pasture 

intake of animals on tre ment B and C remained f rly 

s ilar over the three periods. To detect difference, 

if any,be en periods within treatment a sepa e 

analysis was carried out (section 3.1 .12) w ch re

vealed hi y si ificant (P<0.01) differences between 

periods ( pe ndix 1 0). Further analysis shmved t t 

intake of pasture in periods 2 and 3 was significant

ly higher (P< 0.01) than period 1, but the difference 

between periods 2 and 3 were small and non-sign icant. 

No d erences in pasture intake between periods 

i thin trea nts B and C were found. 

Because of the increase in the intake of the pasture 

(Treatment ) over t e.:xpe r nt, a variation in 

the extent of substitution between periods was noted, 

the amount of pasture substitute 

consumed increasing from about 0.4 

concentrate 

in period 1 

to 0.9 in period 3. Likewise the changing pattern 

of substitution between periods was reflected in the 

greater total (Pasture + concentrate) intake over 

that of pasture intake in period 1 compared with 

periods 2 and 3 (Table 19). 
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Figure 6 illustrates the daily intake for each 

treatment over the three periods of Latin square. It 

will be noted that the intake between periods 

within t re nts is fairly similar, thou differ-

ences between concentrate and non-concentrate fed 

groups ~ere obvious. 

Figures 3, Lt and 5 illustrate the DI,:I intake/cow 

for each treatment in period 1, 2 and 3, respectively. 

pressions in intake on introduction to concentrate 

feeding, particularly on treatment C, are noticeable 

during each adjus nt period. The figures also 

demonstrate a variation in intake between days within 

each period. On 30/1 day of the comparison period 3 

the intake of pasture vJas cons e rably lovv. This 

depression was associated with the pasture from a new 

paddock contaminated with dung and weeds and was more 

mature than the pasture normally available. The in talw 

data of this day were omitted from calcul ions. 

Differences in tot daily and intalte between 

cows within squares were highly si ificant (P<0.01) 

( pendix 8), the range being 12.4- 14.9 for 

and 9.1 - 10.5 for intake (Appendix 14). Differ-

ences between squares were small and non-si ificant. 
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18: ect of 'r:reatments on Food Int 

(Kg/cow/day) 

T :reatmen ts A B c cv Significance 
( of 

diffe :renee 

D:r~ Matter 

tu :re 13.2 11 • 7 1 o. 9 _:t0.1 5 3.8 ( B & c 
(B c 

Total (Pasture 
±0.1 51 + Concentrates) 1 3. 2 14.0 14.4 3.2 (A Vs B & c 

(B Vs c 

Pastu :re 9.1 8.1 7.6 +0.11 4.0 ( j\ Vs "' & c ~'1 D 

(w D Vs c 
Total ( tu:re 

I + Con cent :rates) 9.1 o a 1 o. 3 +0.11 3.5 (A Vs B & c 7•./ - (B Vs c 

Tot Di:i in talce 
as pe:r cent. 
live-weight 4.09 4.34 4.47 

= tu:re .lib. 
B = tu:re .lib. + 2.7 concentrate 
c = tu :re .lib. + 40 concentrate 

;::;: P<0.05 
= p < 0 .. 01 
;::;: Non-significant (P./0.05) 
= tanda e :r:ro :r of mean 

cv ;::;: Coefficient of variation 
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I 

1 0 • 
./• Extent of Chan s in Int 

Concentrate Feeding 

(Kg/ covv/ day) 

Periods Within Treatments 1 

tUl"e Intake A 12.34 
B 11 .46 
c 1 o. 89 

Concentrate DM J:ntake A -
B r. 40 c:: •• 

c 3-45 

Total m,1 Intake 1 2. 
! B 13.86 

I c 14.34 I 

I'~e t Substitution I I 

of tu1~e B 0.88 

I c 1 .45 

u re sub- B I 0.367 I stituted per Kg c l 0.420 concentrates Int 

r cent. substi t- B 7.13 
ution of Pasture c 11 • 75 Int 

I 

Net In crease in B I 1. 52 
Total D!fl In take by c 2.00 usine Concentrates 

I 

Per cent. Increase B 12.32 
in over ture 1 6. 21 Intake c 

A = Pasture ad.lib. 

2 

1 3-44 
11 • 98 
1 0. 91 

-
2.38 

3.54 

1 3. 4Lf 

14. 

14.45 

1 .46 

2.53 

0.613 

o. 71 5 

1 0. 86 

18 .. 82 

0.92 
1 . 01 

6.84 

7. 51 

B = ture ad.lib. + 2.7 concentrate 
C = Pasture ad.lib. + 4.0 Kg concentrate 

82 

Due to 

' 

3 an 

13.75 13.1 8 
11 .62 11 . 69 
1 0. 86 1 0. 89 

- - I 
2.32 2. 37 
3.41 3.45 

13.75 1 3.1 8 

13.94 I 1Lf.05 
1 LJ.., 27 14. 

I 
2.13 1 .49 
2.89 2.29 

o. 918 0.633 
0.847 0.661 

1 5.49 11 .1 6 I 
21.02 17.1 9 

0.1 9 0.88 I 
0.52 1 .1 8 

I I 1 .38 6.85 I 
3.78 9.17 I 



20: ect of Periods on Food Intake 

(Kg/ cow/day) 

I I I ' I 1 2 I 
"7 Periods vvi thin I ;J 

Squares 
I 
I 

I I 
Dr~ r/Iatter Square 

Pasture T 11 • 3 11 .1 11 • L~ ±0.23 -'-

I II 11 • 0 '1 2.4 1 2 .1 ~0.23 

III 12.4 12.9 1 2. 8 ~0.23 

an 11 • 6 1 2.1 1 2.1 

Total I 1 3. 2 1 3. 0 13.3 ±0.23 
II 1 3. 0 14.3 I 14.0 +0.23 

III 13.3 14.9 14.7 ;o. 231 

an ' 1 3· 5 1 L1. 0 I 14.0 

I Diges~ible j i T l 

I 
1 

Orgamc 
l':Iatte r 

7. 81 ~o. ·1 7 I I Pasture I 8.0 7.7 
I II 7.8 8.6 

III 8.8 9.0 

an 8.2 8 .Lf 

Total I 9 .. 5 9.2 
II I 9.4 1 o. 1 

III 1 o. 3 1 o. 5 

Mean 9-7 9.9 

= Standard error of mean 
CV = Coefficient of variation 
+ = P..::::.0.10 

8.2 +0.17 

8.7 ~0.17 

8.2 ! 
9.2 ±0.14 

9.7 +0 .1 Lf 
! 

1 0.1 +0.14 

9.7 

cv 
( 

3.46 

3.30 
3.07 

2.96 

2.83 
2.66 

3-57 
3.41 

3.18 

2. 58 

2.47 

2.33 

Significance 
of 

d renee 

3, 271 + 

--

2, 371 + 

! 

172 + 

2 71' 3 + 
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( .. \ 
ll} Milk production -

(a) Milk yield and FCM yield - The mean daily milk and 

yields/cow for each treatment are given in 

Table 21 • Differences in m and yields be een 

treatments were small and non-significant ( pendix 11 ). 

The ran in coefficient of variation was 3.9 - 5. 

The milk yield declined ste ily from period 1 to 

period 3 (Table 22). The differences bet·ween periods 

within squares were highly si icant (P<::::.O. 01 ) 

( ndix 11 ). The si ificance of dif renee for 

individual periods within squares are shown in Table 22. 

The ran for coefficient of va ion was between 1 .8 

- 3. Unlike milk yiel~ d e ren ces in yield 

between periods within squares were non-significant 

(Appendix 11 ) • 

Differences in both milk and yields be n 

squares were non-si ificant but between cows within 

squares y:;ere highly s ificant (P<0.01) (Appendix 11 ). 

The ran in milk and F ' yields were 13.0 - 17.7 and 

1 5.0 - 20.0 cow/day, respectively (Appendix 15). 

The milk yield on 2 December of period 3 was con-

side rably lower because of d rap in previous day's 

int (section 3.2.4(i'). The data for milk yield 

was, therefore, omitted from calculations. 

(b) Milk fat content .and yield - The mean milk fat 

contents and yields for each treatment are included in 

Table 21. Though milk fat con tent treatments B and 
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C were lower by 0.11 and 0.13 percen units compared 

with , the d erences did not reach s icant level 

(P70.05) ( pendiz 12a). coeffic nt of variation 

was 5.1 for the treatments. Differences in milk fat 

be n treatments we1>e also non-si ificant with 

the coefficient of variation bei 6. ( ndix 1 3). 

The milk fat contents rose with the advance in st 

of lactation and on analysis si ificant differences 

( <0.05) be n riods within squares were noted 

(Appendix 12a). The milk fat contents in period 3 were 

r than periods 2 and 1 and vve re also higher in 

riod 2 than 1. The si ican ce of d erences 

shown in Table 22. Unlike milk fat content, di erences 

in fat yield between periods within square were small 

and non-si ificant. 

fat contents varied from 4.70 - 6. bet·ween 

cows resultin in highly significant (P<0.01) er-

ences between cows thin square • L ise, dif rences 

in mille fat yie between cows were also hi y 

si ificant (P< 0.01) (Appendix 13), the range being 

709.0 - 862.3 g/cow/day (Append 1 5). erences in 

milk fat contents and yields between squares were non

significant. 

(c) SHF content and :z.t~d - The results of contents 

and yields for each tre ment are included in Table 21. 

The milk of the cows receiving 4 concent1~ates was 

slightly higher in than those on pasture alone. 
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These d e reo ce s be tween tre nts, however, were 

small and non-significant ( ndix 12b). A separate 

analysis was carried out to teet there were 

d e rences be een trea nts within square ch re-

vealed a si ificant diffe renee (PL0.05) ppendix 

1 2 c). Fu her anal is showed "-' .1. ui1aLJ this e renee was 

wholly due to treatment ('I of 0 I only I 
v 0 uare \See 

Table 21). Examinations of original data further re-

vealed t t the fe re ncee was mainly due to an un-

usually hi value of milk of one cow in t 

second riod. No appreciable difference in yie 

between treatments existed. 

Diffe reo ces in content be en pe rio ithin 

squares \Veres nificant (P.C:::::0.05) (Appendix 12b). The 

least si ificant difference ( ) test showed that the 

si icant difference was due to an unusually low 

ue in period ·J of square II (Table 22). Examin ion 

0 nal ta showed that t low value as re-

lated to the m of cows No 45 and 35 in period 1 • 

Differences in yield between perio within square 

were significant (pr 0 t=;)' 
\- ~ . _./ . The s nificance of differ-

ences for pe rio is included in Table 22. 

Differences in content a yields between squares 

we 1?e non-significant, but h hly sign if ican t ( P.t::. 0. 01 ) 

be en cows within square ( ndix 1 2b, 1 3b). T 

ran s be n cows in yield and contents are in-

eluded in ndix 1 5. 



21 : feet of T1~e ts on Product ion 

( r/cow/day) 

I Treatments A B 0 
( 

I :J:O • 1 J-3 • 92 ~ 
e renee 

/ ) 14.2 14.8 14.4 \ 

yield 
( ) 16.8 17.3 16.7 +0. 5.24 

(?b) I 5. 31 5.20 5.18 I +0. 08 5.11 I 
I - I I 

~ 

l "" I .L 

I 
yield ( 0') 746.1 .1 7 .8 +16 .o 6.69 b; 

tent I { ) I 9.45 I 9. 51 9 .. 62 +0.05 1. 75 \ 

I I 1-I 
I 

1-nl+o1. o (g) 11 .. 8 1 .. 9 2:1 9. 0 3.85 
I 

I 1 Content ) I For tre tment 
1vi thin squ~re 

9. 9.69 9. e05 0.922 I 1 

9.22 9.26 9.39 ±0.05 0.988 
I 9.50 9.59 9.84 ±0.05 o. 9081 C7A & B 

A = .lib. 
B = .lib. + 2.7 concentrate 
c = ~ + 4.0 concentrate ·d.!2.· 

= error of mean 
cv = Coefficient of var tion 

= P<0.05 
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(iii) 

The relationships among the va s in 
' 

1 yield) are shown in the follo·wing 

re. 

))oM I(Y) 

calcul ion of nml t iple re ression e at ion 

reve d J.. J.. pa i re ss n coefficient of I IJ IJ 

-wei .!.. ·was n s icant (P '70. 05) but J. 
u tJ on 1 

of was ( P..::::: 0. 01 ) ( ix 16). The tiple 

regression e ion obtained is n be 

I = 2.743 + 0.0057 + 0.31 08 • 1 

Further analyses of a ed that t i ndent 

va les, ei t and m yield were fairly 

stron y correlated (r = 0.58). ilk yield had a stro 

direct relationship with int (partial regression 

= 0.788) and a we indirect one (0.5829 x 0.2108 = 

0.123). 

Li ve-\ve i showed a we r direct relationship with 

I ( P ial regression = 0.211) a an indirect 



relation (0.5829 x 0.7880 = 0.459) which was 

g 1~e ate r t han t he d i re c t one • n both independent 

va ables VJel"e included, with a multi e regress ton 

e atton (see above), the relationship between live-

;ve i and I was not sign icant, most of t 

variance in food intake being accounted for by the 

relationship with milk yield. s about 1 and 

of total variation in food intake was related to 

94 

va ation in l eight and m yield, respectively. 

n pH nia 

The propo ion of 

ammonia levels and rumen 

ences in these values be 

total concentrations, rumen 

are summarised in Table 23. fer-

en pasture and ture + concentrate 

fed anim s were coefficient of variation is 

as oci ed ith mean ues. 
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23: ect Treatments on n 

and ia 

Item Pasture + Pasture 
Co nee nt rates 

cv 
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3.2.6. te of sage of Feeds 

Figure 7 illustrates t excretion of stained pasture 

ana concentrate pa icles for each tre n t. re appearea 

to no appreciable d re n ce s be e e n t re nts in the 

rate of ois a ranee of ai sta of pasture f1.-1orn t digestive 

tract. ever, the con cent es on trea nt c passe a faster 

than on tre nt B through the .L 
L.. 

values pasture for animals were variab 

and no consistent d e rences be en t rea n t s o c c u r re a • 

T le 24 shor1s t d erences in 11 values be en the 

levels of concentrates fed were la ues for rumen 

re ntion time are so incl a in re is ome 

i ication pasture a sta on trea nt C passed faster 

from reticulo-rumen than on tre nt B which in turn passed 

nt The differences be en coV/s were 

la and appearea to be re ted with total in L 

mean retention t , the rumen retention t of hi level 

of concentrates was sho er than low l concentrate d. 

results as a whole clearly aemonstrate t t the rate of 

pass of the concentrate was faster t 

both from t rumen ana the whole t. 
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Concentrates 

Pasture 

. _ TIME AFTER FEEDING STAINED FEED (Hr} 
Fig. 7 Rate Of excretion of stained teeds, 

treatm e nt:o--o A; fr---1). B & o---oc. 
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ncent s 

7 14. 6Lf. 
1LJ .• 2 .5 

14 .l.j Lf1 • 0 

8 14. LJ.2. Lf .0 .8 35-5 
LJ5. 7 .5 -7 .o 

.0 55.7 .7 34 .• 7 

.o .o 20.7 

.. 7 LJ.5. 0 2 .7 

.8 .o 23.7 26.5 

ter B ch ( 1 950) 
ter Cast (1 ) 
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7 7 
:;.:.;. ION 

3.3.1. F ntal sign 

in are chan r si s provide a sat 

facto techni ue in cattle expe r nts in that variation 

due to an and t can be eliminated. In this experi-

ment va tion caused by d erences in int between cows 

an chan s in st of rowth of sture ere removed. In 

addition it e d effects of a concentrate supplement 

on milk production to be studied without the confounding 

fects st of lact ion. main 1 it ion of the 

desi is the d iculty of el in at the residual (carry-

over) e cts, thou the use of extra period in the si 

of Lucas (1957) allows an est e to be made of residual 

effects. However, this des was not possible under the 

circumstances of the present experiment. Sevel'•al ·workers have 

used a chan r period varying from 4 - 7 between 

periods to lessen t carry-over eats, e.g. Corbett and 

Boyne ( 1 958)' s et. . ( 1 960)' Castle et.al. (1960), 

et. ( 1 966) and rdo cl1 and (1 967). {, /" 8 r n .t~ b 

r ( jus nt) as used in t [H'esent 

r nt to ep carry-over effects to a min tho 

supplementing pasture ith concentrates no appreciable 

e ect on milk yield, the intro ction of the concentrates vvas 

associated ith a temporary loss in petite rin the chan 

over pe rio s. is depression in int resulted in lowering 

of m yield, particula y in tre nt C. Small depressions 

in milk yield were also associated with restriction in 

Nv\SSt:;Y UNIVERSITY 
LIBRARY 
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food int before e i , at the beginning of e 

r, the m yield practically recovered by the end of 

the -over ( stment) pe and it is unl ly 

.L 
u rary reduction in milk d could have d to a 

s icant car r effect. This assumption is suppo 

res ts et. • (196l.t) and Flux and che 

( 1 957) note st no carry-over e ects following 

starvation for 14 hr, and unde ee n for 5 d , res i y. 

3.3.2. eds 

(i) Botanical composition of pasture -

rass va ties and hi r formed 

major components m d pasture used in t 

ree rio The only consis nt chan in pro-

po ns of various pasture cies present, as t 

season ced, was t the rcent of 1Nhi 

r increased from pe od 1 to 3. 

(ii) 

Chan s in ic it ion 

ly s were s ilar to s observed by 

u t ton ( 1 961 ) in t the cline in c e protein 

as associated with an increase in c e fibre 

crease in et r extract. ash content t 

pasture creased as season advanced. 

v ues for e r extract an ash obtained in 

the present riment were rather hi r than those 

of tton (loc.cit.) but ilar to those no d by 

y ( 1 ) . values of crude protein obt ned 
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were similar to the values reported by Hutton (lac. 

cit.) in corresponding months, except that crude 

protein in the preliminary period of the experiment 

was atively higher and may have been due to high 

percentage of clover in that period. Since the 

pasture \Vas fairly le y ro ut the riment 

the crude fibre contents were lower than those noted 

by tton (loc.cit.) and Davey (loc.cit.) du ng 

co rres pondi man , although Davey reported values 

as low as 18. for crude fibre for ure ture. 

The values are s ilar to those reported for mixed 

pasture by ilson (1966). The concentrates fed had a 

re tively constant composition during all the three 

periods. 

Apparent digestibility of feeds -

Since it was not possible to conduct di st ility 

studies with cows it was t VJith some reservations 

that di stibility data obtained with sheep would be 

s i actory. resel7Vations were (1) the e ect 

of animal species on digestibility and (2) differ-

ences in levels of intake be en lactating cows and 

the wethers and its possible effect on digestibility. 

In connection with the first objection it is to be 

noted tson ~· • ( 1 9Lf8) reviewing numerous 

experiments carried out during the period from 1890-

1948, concluded that for all practical purposes any 

differences in ability sheep and cattle to digest 
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food we :re ne le. Similar observations were 0 

made by other wo rs, e.g. , son (1958) and Jang 

• ... • r 2' 10 l"ese:rvaulon \ ), tton 

(1962a) d not find great d erences in di stibility 

be en 0 g s of cows :receiving 

and 6 

Little d e:rence in di stibility be n 

sup men ted non-supplemen d groups were noted, 

su sting t t the di stion coefficient the con-

cent:rate mi been s ilar to t t of tu:re 

used. 

The va ation in di stibility between ep 

p :resent nt is d ficult to lain. 

(1 2) note that e:rences in ability of ind als 

to di st food is usually small and :rarely exceed one 

unit d stibility. ation noted in the 

present st y ared to be e nly to t 

p hich had been razin outdoors prior to the 

commencement of the e riment, whereas the ot r four 

p had been fed a pelleted ration indoors for a 

considerable n of time. 

3.3.3. imals 

( i) Health -

Apa from unavoid le temporary ness that 

loped on introducing the cows to the barn feeding, 

all anim remained in good health througho the 

experiment. 



103 

(1·~·) T. ·ht , _ .wl ve-vve 1g _ -

One the lar st sources of error in estimation 

of live-vJei s in dairy cattle eding experiments 

is d stive tra fill. In an att t to reduce the 

influence of this fill on live-wei t t cows were 

fasted for 14 hr before weighin • This method 

been found to be more accurate than .!.. n a rnean of lJ 

three d y vve i s by ch . ( 1 9 l Bath I 

et.al. ( 1 966). The 1 hr fasting does not, "(1 - ' 
ensure a measure of true ei of an animal, fo1? 

food residues m n lon r than seven da in the 

di st tract er', loc.cit.). 

cows ned weight t experiment 

period, ave in wei ing 0.5 Kg/cow/ 

day. The rate of ain appears to be similar to the 

value obtained by Co tt and Boyne (1958) in as r 

expe nt. Small, but non-s ificant, di erences 

in rate of wei t gain be en treatments were noted. 

This is pe not surprising because of the com-

para ti vely sm erences in the total intake 

between treatments. 

Althou considerable differences in int 

between cows and days were noted, t cows appeared 

to be eating to a satisfactory level of intake, except 

for a few days in the prel inary period n some of 
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1 

covvs s ffered fl7 0tn bloat. The uronic L 

te nt in is ared to be uite effective 

in controllin b at. 

r a' \ ) 

us 

d g 

cK 

s as a cri 

rimen 

VlO 

rion to 

' 
e. g. 

\ 
J • 

rs used 10 - 1 feed 

ensure .lib. i'" lJ in 

e 17 . ( 1 961 ) and 

In the p :t'esent st y 

pasture us va d from 10 - 2 • :1. .J... lDQJ.CauJ.ng 

t cows vJe re lib y fed. 

la 

con cent es occurred n cows were first intro-

duce to concentrate feeding. decrease was 

pa ic ~r severe in t first p n at ts 

were to feed tre cows to 5.5 of 

concentrates. is v1 as not as cute g 

-over ore c rison rio s 2 an 3, 
4- cows receive con cen-u possibly because some 

p:eecedin an also t amount on 

C tre ,, ... 
'· iJ 

as reduced to 4.0 

intake occurred des i a int ct;ion of 

con cent s. cons is nt ure was t redu ion 

total int it n 0 

con cent e din with a (;/ 
v rovement 

inta};:e over .1- next four to s lJ 

tem rary loss in appetite so been noted by 

es were fed 
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dition to a sil • However, the ls of 

concentra s fed by t se wo rs were 2 3.5 t s 

hi r than those of present r nt. It is 

inte res ti that n t training COVJS 

·vve l7 G eat in to 7 .o f con cent e Vji th no 

effe on int n y Y.l S bein fed in dit n 

to pasture. It as t t t t d ta y fibre 

vel in may fe cted int 

re content the pasture YJ s ive-

\ so lm7 d tai'Y fib 17 8 ls I ly hi ( 

re unl ly to oe rea son. It is rnor"e 1 y 

p tation were i d V'Ji 

intra ction concentrates re J. 
(; n 

n in rumen ic ial e ro nt ( e 

1 9 52). eve -!- s s not . ' ' 
lJ n 

pa loss in appetit t occu rl"ed even n 

COYIS VJere d from to C treatment, re it 

mi t be e c d t t come d to 

concentrate feedin tl•18c1 on trea nt B. 

reove r t re seemed to be a 1 ... 
lu about 4.0 

beyond ich serious effects on food tal\:e occurred. 

0 in y i been nned to feed .5·5 

con cent e in the C treatment, but because 

pe1•sistent int prob ms t was reduced to 

L~.o Kg/cow/day. 

further reason for t ss in tite be 

p ct and accumulation of lactic in the 

rumen because of t hi soluble carbohydrate 
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contained in concentrates ( e t. . , 1 9 57) • 

The data obt ned from the four fistulat COV'I S d 

not indicate, frorn the limited evidence ava able, 

that conditions in t rumen were severely fected. 

There was only a drop in VIi con cent rate 

feedin compared wi the seve:ee uctions observed 

by other WO rs reer an C ng, 1 963; 

1957 an n e • ' 1 9 52). r, fistulated 

CO'l'JS been ted to con cent feedi and 

-!- lacl<: o+' ll .L nge in rumen and VI!' proportions 

not ref cted the situation in t rumens cows 

experiencing int press ions the cha -over 

od. urther wo is indicated as this could 0 

be a problem s cific to ~ pasture and concentrate 

combination. Castle ( rs Comm.) stated that h 

expe r need feed problems n barle 1Nas fed 

with ture, but these problems di appeared VI n 

1~olled barley v;as feeL 

(b) Substitution - To t extent t t concentrate 

fe ing resulted in a depression in the voluntary in-

of pasture the results are in ne ral agreement 

vvi th cLu (1955), Corbett and Boyne (1958), Seath 

£.:!!..al. (1959) and Holder (1962). duction in 

ro (hay or sil ) intake ith concentrate feeding 

o been noted by Autrey et.al. (1962), Jensen 

id and Holmes (1956), Holmes et.al. 

(1957), Schmidt and chultz (1959), Holmes et.al.(1960), 
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r £.!. e (1 961 ) ' axter and son ( 1 963)' 

Camp lin rdoch (1 6) and and Hodgson 

(1 ) . fB.r as I am a-vvare this the only ex-

riment Tihere a priecise estim e of substitution of 

pasture by concentrate has been obtained. 

extent of substitution for basal ration by 

conce es reported in literature varied widely 

pend t type and quality of basal rat n, 

the previous and current leve of in , the t 

l of concentrates and the iologica.l state 

of the anim used ( ection 1.1 ). The mean sub-

stitution pasture by concent in t he p r•e s e n t 

st was 0.65 concentra·te consumed. s 

is il 1"' to t t tained in expe nts by 

s (19 ), Holmes • (1957) and 

e • ( 1 9 59) • 

extent of substitution in 

di stibility of pasture was r was less than in 

period 2 or 3, iV n digestib ity was lower. oe 

results do not suppo t conclusion of te r e t . 

• (1961) who no d reater s stitution with hi r 

quali t 'ii rou , althou substitution value in 

pe od 3 obt ned in present experiment was only 

s tly lower than that noted for similar d st-

ibility dried grass by axter et. • (loc. cit.), 

using wethers. The results are in line with id's 

' ,.-) l1 95o gene conclusion that substitution is 
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inversely related to di stibility. Hov;ever, 's 

observations v;ere made with feeds of lower di st-

ibility such as hay and sil cLu ( 1 • .L \ , ..... oc.clu.;, 

using lact ing cows grazing pasture, noted a greater 

substitution in period 3 4 of his expe nt n 

pasture was mature compare with period 1 or 2, w n 

relatively leafy growth '{ias availab for grazlng. 

IIe y ( ci d by u trey • al. , 1 94 2 ) re po e d 

re catt were accustomed to eating la quantities 

of rou , grain added to the ration replaced by 

pound r pound, but only ter t cat had been on 

rain for some time. Complete one for one substitution 

did not occur in the present nt. It is poss 

that the nt been continued lon n 

1 : 1 substitut n for pasture by concentl~ates mi 

o c c u I' re d , as ues se to t 0.9 were 

obtained the riod 3. It 1s o pos ible that cows 

fed pasture alone (trea nt ' . -" ) lncreaseu t 

int over the expe r nt because they were st 

adapting to indoor feeding conditions. However, in view 

of results obtained by tton (1962b), Trimberger 

et. • (1962) and Johnson et. • (1 ) , the in c re as e d 

int of pasture could ve been associated with the 

st of lactation rather than adaptation and the 

increase in intake reflect increases in t 

capacity as lactation advanced ( 11 and Campbell,1964). 

Chan in the m;I intal:ce of cows rece con cent es 
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\Ve re sm between ri , which i contra to t 

nt of ad t ion to indoor conditions mentioned 

fo tre nt above. It i o unl ly t t in-

creasing in take pas t u re on t re nt could 

been because of s in of ture t t occurred 

en r as e et. • (unpubli d) fou 

no ference in int VIi th ture ran n in 

(1 ) 1 ned the depre sian 

in n concent re fed cm7s in terrns of 

creased e of i arance of sta from t 

t su t i capacity 

-the t as 1 itin untary intake In 

precent ex nt ratively dif erence 

in pasture i sta (fi .7) or mean 

retention t ( ) b en gro s fed concentra and 

non-con cent vtere 

faa rs ot i capacity of were 

l itin t in of pasture n concentra s were 

fed. te nique used to car ou e pass 

st s of t pasture in t present ment, 

r, may e estioned, for it involved 

staining, boiling and dryi t pasture, resulting 

in mate cons ide y d f e rent f rom t o ri n 

fresh t l~ s te al passed throu 

the d stive tract at the same rate as ture d is 

a matter e at ion requires fu r investi ion. 
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consi red id, the results show that t nJe an 

retention t pasture in t t was considerably 

'l. • ' oJ.el;s sucn as y or straws r .L 

" 
( ch, 1 r:;\ 

Jj• ively sho er mean retention 

t s been noted for hi digest ity fee by 

2). s r mean retention t of 

conce been because the s 1 pa icle 

size cl1 pa.ss fas r from t re ti cu rumen in 

compa son with r i s ( ch • J ) 

\ C.CJ.C. II 

• ( 1 so no d fas r e pass 

corn than r; n were fed in various in-

at ns. 

(c) - Since stitution con cent 

for pasture as not com te the tot • + '-l.nuaKe 

cows fed concentrates was si i ly hi r 

those re ce n pasture lone. creases in to 

int as a conse nee concent feeding s 

en note by rna 0 rs (see table 2). in-

crease in tot int i n the p re s e n t; nt 

s, ever, t ly St11 icant 

c1 erences in al ' intake between t l'OUPS fed 

0 vels con cent s were no d. increase 

in tot • . 1 • ln"Ga ... {e 1n favou 1' of con cent ups 

may have been because of the faster dis arance of 

concentrate di s from the reticula-rumen and the 

-v~Jhole t (T 2Lr). s faster rate of pass 

t con cent rate allow the an to eat more by 
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decreasing rumen lo 

tot in of res sed as D"' Y' c v - cent. 

., ight obt ned in present nt .L 

con derably hi r n result obt ned by 0 

wo rs. t ton ( 1 observed a max um l 

pasture int 00 l l by 

lactating cows in contrast to a .o, L[ .. 3 and 4.5 

. . nt 00 l ei on tre nt 
' 

B and 

res ct ly in -'· present J. y. n l; l; 

reasons for J. se hi 1"' fact that t iJ 

an s were fasted for 1 4-hl7 OY.P 
- v Vie i in n 

to re ced t .p and re re l -wei s . .L 

s this ng procedure res ted in increased 

t; n intake n expresse as r cent. of 

l olute int for pasture 

( tre ars to be s ar to t obt ned 

by Hutton ( 1 L~ , f i . 1 ) i n o n e theirt 

i y si i d e rences e te be een cows 

i th respect to fo intake as measured by 

and int as per cent. of live-wei 

due to the influence various factors such as m 

yield, live-wei ' l i s, con centra 

int , body condition, st of lactation, t 

capacity and s to inherent acity to e 

(d) 

intalce en concentra a non-concentrate fed 

ro s took ace, f i • 6 s that changes in 



112 

int be en riods wit n treatments were s 

so the ere nces in int be een trea nt 

B C were non-si icant. It 

t cov:Js ·were eati to a constant in-

t during nt pe d. nee appears 

literature t amount d the reticula-

rumen does not l it the unta t an 

rece hi con centra ios (Conrad . ' 
1 nt an t' ·J 5 ' I • T was 

su ted that factors su + u city cease to 

be l itin w n the di st rat v:Jas 

arou 6 and t at t level iol 

"' ctors v1e 1~e aso::mming J.. ance. 

fee in t present e rime nt r; as 7 

a it is possib .l-
u iolo f 

l ~ .,_ 
..lli g int 

cows, but fact t i 00\'IS d pasture 
I alone 1.. a nt ) increased ith a ce in st 

ctation su sts (; 
.L. 
1.; t capa ty may l i"ced 

1 08). intake J. se cows (see (/ the unta 

That p int COV:!S on trea nt 
' 

how-

ar over three rio s, but n 

is was o de c rea s e in d st ity of stu re 

over the nt. s t results obtained gave no 

al'* ins t in nisms of ap ite control 

u r present expEH' ntal conditions. 
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u ion 

supplementing of pasture with concentrates has 

been hov:m to va ab fe cts on i y ld. or 

e. g. Cast . ( 1 964) found t t con cent e feed-

ing no d erence ilk yiel of cows grazing 

ample ture. On t other hand, cons ide le 

creases in mi y have been re llace 

( 1 957); de t1 co (1 \ ; an L and 

r (1 2) w n to 4.7 of concent s ·were 

fe to co~s razi outdoors. In some ot r ex-

riments eit r small ( rbett and yne, 1 

Cas e 
' 

0; airbairn and clcaby, 1 d, 

1 va le ( he , 1 2) in ere s in i 

been noted response to concentra feed-

in g. the present ex nt concentra feed 

litt feet on n1 ld. The results are in 

reement i those of tle (1 

ne also confirm t results of sho te 

ex ments ca d out by y (unpublished) 

a 
0 

in 

l only a in crease in m yield was obt ned 

ith concentrate feed e reason for this la of 

respon e was demonst e d in the p res en t ex nt in 

t un r libe pasture feed condi t ns ub-

stitution of sture by concentrates occurs. It is 

d ficult to u rstand the res ts ace's 

Ylc 
'-' e nts re under e pasture feeding 
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a compa ively response to co cent es as 

obtained. 

cted, the milk declined i th n ce 

ll1 st 1 ion. yiel id not ny 

d fe nee be s be cause de ine in m 

ed ith incre e in lk fat con 

e fe in may e the f content 

rn in ays. irstly, a spec ic effect result-

in a decrease in i at content a soci ed 

usu y ith a re tively narrow acetate to p ion ate 

in rumen liquor of concent e fe s 

( 1955a; 1 ; Ro ch, 1 

·j or"'l. B 
:;0 ' h a ' 1 3). e con y, by increasing 

the plane of nutrition, the y increasing the 

e with a conse ent s decrease in tn at 

content ( 1 957 c; ole, 1 l!J iot, 1962). 

In t present expe nt since t re was neither any 

re e effect on px•oportions in t rumen 

liquor nor on m y ld, the sm effe on m fat 

is not su rprisiog. ilar res s ( y, unp li 

have been no d in ssey ex riments and by Castle 

• (1960) who found little or no chan in m 

fat content of cows fed concent es. 

d) 

ual increase in milk-f t content occurred with 

advance in lactation, which was reflected in 

fe renee be en periods. is is a norm 
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consequence ith advance the st 1 ctat 

( ' 1 
l 
) . 

ince t ll increase in f c an d 

the cline ilk m f y ld did not 

vary si icently be en periods. effect of 

concentra fee in on mi as observed. 

(iii) 

or no incre s in con n as a s t 

feedin concentra it ion to asal ion 

been noted by many o t 

1 959' ... \ 
I 

} ' • ( 1 9 1 s r 

(1 6)' n ( 1 963) . \ ' ' (1959, 1 ) . 
thou l'e s an in crease of 0.17 r cent. units 

in con ent of i from cows fed hi 1 of 

concen t a red ith COVJS ed ture alone in 

is expe 1 ces e een trea nts 

vJe re non-si i cant. in, in vi of t la 

l"Umen p 0 ions an ld t 

re ul t are ps not su risin . x·e as a. 

but non-si ica ( :::;:;>0. ) increase in y 

cows fed concent e . 

3. 3. 6. Re ion be en Int and n al P ction 

C cul ion of i re res ion e ion reve d 

pa ial coeffic nt i w s not i icant 

but t of was hi y si ica ( P-"' n O"! 1 
.t. ""'--V,. I ' 

su sting t t mi yield was closely related intake, t 

st da p i regression coef icient g 0. 79. This 
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d not indicate, r, f int s te rmined by 

yie 011 vice versa, but rnerely su iffe re IJ ces 

in food intake mi be predicted quite we , for tely 

7 of t tot va at n in int w s noted to be related ' 

to y alone. lmowle d e rences in 1 

1.~1e i did not much to t precision of the p iction. 

.J_ s co nne s (1 5) aDd s (1 c:;j l; . . .-'/ 

noted a non-si icant pa regression ficient ith 

5 but r i v ld as si i cant. re pre se 
" 

estim es of regre sion icient in the present st y 

been obt ned va ab it in intal'::e ue to live-

i n, level of concent e fed, and s t of 

ctation etc. were to be n into cons eration. ever, 

the number of cows used 1 ited usefulnes of 

roce ding ith ve detailed an s. 
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1 • nt was conducted wi lactatin cows to 

examine nutrition e cts of ing concen-

es to a d t of pasture. rse y cows ·were 

used in a 3 x 3 tin are repeated three times; 

the squares ran con cu 1~re n y. tre nts com-

red were - ( ) ture .lib., ) pasture 

+ 2.7 con cent s/cow/day, (C) pasture 

+ 4.2 con cent s/ ch period of ea 

square was of 18 day duration. data of the t 

12 days in each period were used for arison of 

trea nt effects. 

2. ition con cent es to t d t of COVIS 

ered pasture ad.lib. creased t volunt 

intal<::e of sture by 0.63 and 0.66 con cen-

tl''a s fed, in trea nt B and C, res ctively. 

increase 1 in total intalce in 

favour of treatments and C respectively was no 

ture cons tion ave d 13.2, 11.7 

10.9 Kg/cow/day for tre nts B 0 res ctively. 

In tion concentrates consumed were 2.3 and 3.5 

re ctively on tre nts c. total .!.. u 

s nted cows was si icantly greater 

(P<0.01) than that of pasture fed cows. 

d erence in i stib ity be en pasture and 

ture + concentrate diets when fed to wethers was 

noted, thou d ferences een riods were obvious. 



5. total intake in tre ments and C 

res ct y vve re 9.1 , 9. 9 and 1 0. 3 

erences be een concent and non-concen-

t e g ro s we re hi y si ificant (P< 0. ) . 

differences in between perio within 

trea n t v;e re 

6. of disap arance of ·9as re i sta from 

nta on tre nts as s r. 

mean retention t for concentrates as con side y 

lower t ture. mean re nt n t s for 

pasture on t rea nts and 0 bein . 0. ' .o 

lJ,O.O hr an for concentrates v1ere .7 and 26.5 on 

treatments B C res ct ly. 

7. yie s of cows on tre nts A, B and 0 were 

14.2, 1L+.8 and 14.4 y res ctively, t 

erences bein ificant (P::;:;.-0. 05). 

8. cent feeding re ced m fat content by 0.11 

0.1 3 roe units a increased contents 

by 0 • 06 and 0 .1 7 rcent uni s on tre nts B 

and 0, res ct se d eren ces, ever, ·were 

non-si ificant ( 7 0. 05). of m "" J.. and 

were unaffected or sli ly ected by ooncen-

t feeding. 

9. cows remained in od alth rou ut the ex-

pe nt, except for tempera ness which 

developed on traduction of cows to stall feeding. 
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1 0. The cows gained on an ave rage 0.5 ay 

live-wei t ut the experiment. fe re nces 

in 1 ei n between trea nts wer•e non-

si icant. 
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IV 

results of t indoor feedin experiment s d 

n concent17 ates viere fed to covJs receiving 

pasture, t former rt y s stituted for t 

'l'he ent of substitution d ith t 

of la ion or n s in pasture qu ity (see section 3.3.4). 

nt s sted t t sub titution be one pos 

reason responses to concent es fed it h past u re in 

present and in other expe of n been disappo .1.. 
ul.n • 

Some addition in f o rm at ion o b t ned in cated that en 

ve of the con cent e excee d 3 ay, the cows st 

thei tite for a time. s one of t reasons fo 

t r isappointing responses to concentrate feeding in 

f tri c iolo and io-chemi ev ce 

is needed to help in depression in int resulting 

from hi vels of concentrate f edi 

su st n e in discussion, t t factors ot r 

t c acity rna l it int hen concent es are fe 

nee investi tion. ere nt ratios grass to ooncen-

trates oou be fed and rumen f rate of pass and rumen 

di stion measured, to determine ther or not t capacity 

is l itin intake. Investi tions are so needed on 

effect n in size t t IV it h re rd t o s t of 

lactation and its influence on intake. 

ilk yie , milk composition a li ve-v1e i were not 



si ican y affected by concent feeding in t indoor 

experiment. a from the substitution t e e ct m 

been ue to t rel i y small increase in int or the 

short duration each e r ntal pe od. u her ev nee 

is required on the ef cts of feeding concentrates along with 

pas t u re on in t m yie a d milk composition. r 

term f ex riments ith different amounts and q it s 

of ture and concent se should be 

s p nted with indoor feedin t s re precise measure 

of int can be 

responses obt ned in the field experiment were 

not great as mi have b en expected in of the 

of feeds. One of t reasons y been 

t t sture was not re y 1 • -1-. 
lulO despite its a arent 

spa rs e n e s s • 

ile a better response would be e cted n sture 

is initely 1 itin , as in the ra in expe nt at 

ra ace, 1957, . I) it is clear from the fie 

tri t t it is a d fie t problem to assess pasture 

ava ity and nee to jud the 1 y response to concan-

trate feeding in a p i r situa ion. B. liberal s ply 

of ture is ava ab con centra te feed in rnay result in 

substitution of he rmer consequently poor responses in 

yie extent of substitution and hence t re onse 

to concent s m also depend on the following factors: 

st Oj_a 1act£:i+l"on \.rSPC.~..~On 1 h) .,.. _ ~u ~ U-1- •J ' ll of b al ion 

( n v lin a ch, 1966; if ton • ' 1 96 3) ' t of 



1 22 

concentrates ( ch, 1964), amount of concentrates 

( i a 1 
\ ) ' ality bas ion ( er 

1 Re 1 
a ,..., . ' ' 
.7 5b ) • In addition some other factors 

su as prev us vel of fee din ( roster et. • , ·t 958), t 

netic potenti of m 

1 057b\ (!''~t· j 1 ) .dd(j so play an 

p uction 

ant pa in 

sponses tained ( so see section 1. 5). 

of cows 

e ct in t 

substitu ion of conce es fo pasture u 

ra 1 fa in condit s be ant in 

save for l r use or concent may be u ed 

ds severe defici pasture. 

u 

re-

r 

tu re 

n 
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(A) Covariance Analysis, using Preliminary Period ilk 

Source 

Total 

Blocks 

'rrea t
ment 

Error 

'l'r + 
Error 

Yield as X and Comparison Period lk Yield as Y 

for whole of the Compa1~ison Period (Table 6) 

Y' ldf' F 

I I 
I I ! 

1 5 i 72. 539161 .189!6L+. 4Lt8 

7 I .695,43.0581 L+5. 730 

I I I I 
1 I 2.8351-1.2521 o.853 I 

I 
I I 

7 2 5. oo9 11 9. 38 3!1 7. 86 5 1 2. 842 6 o. 4 7 4 ' ' --1-·--+-----+·-t I i i 

8 !27. 8L+Lr j1 8 .1 31 l1 8. 71 8 16. 91 2 7 1 

For I 
testing 1 

TR diff-j 
erence I 

1 8. 5861 

i I 
( ) Covariance alysis, using Preliminary Period 

Yield as X and Comparison Period Milk Yield as Y 

for First-.Half of the Compar'isoo Period ('rable 5) 

11 5 i l I Total 172.539 .54-532!60.520 
I 

144.695141.640142.372 Blocks I 7 
! I ! 

Treat- I i i I 
meot I 1 ! 2.8351-3.2261 5.672 

I I I 
E rrol7 I 7 ! 2 5. 009 11 6. 11 8 11 2. Ll76 2.088 r o. 3Lr8 I 0 

1- , I , 
Tr + I ! ' I I 
E l"ror 

I 
8 127. 84Lt l1 2. 8 92 1 8.1 48 j1 2 .1 79 7 

FOl" I 1 0. 091 
11 

0. 091 28.997 
testing I I 
TR diff- ! 
e reo ce 



2 

( J\) Covariance Analysis, using Preliminary Period 

Fat Content as X and ;/hol~ of the Comparison Period 

ilk Fat Content as Y (Table 6) 

r;~;;-~~~-~---s ssy I ssY' df' 1' ··---R-e--I 
sul t j 

",-~l-- ~ R --!·--+---+---·- -·--~ 
Total 1 5 .::. 1 0-f 1 • 81 9

1

2 . .)1 u I 
Blocks 7 0.929 0.734 0.852 

I 

1 o. 003
1
1-0.01 9 0.1291 

l!rror 7 ~.173 1.10Lr
1
1.337 0.298 

11'r + t I 
0.465 

Treat-

6 0.049 

ments 

7 

For 0.1671 1 o:-1~.360 ---~ 
testing 1

1 ~~vI~ 1 1 

TR diff-1 I 
l ere:_ c_e----'l~----l---'-----L---'----'1 _ __._ __ .-....;.-i ___ ..._I __ ____;! 

(B) Covariance Analysis, using Preliminary Period Milk 

Fat Content as X and Firs!~Half of the Comparison 

riod Milk Fat Content as Y (Table 5) 

--
I d.f ·I I SSY 

·-
Sou roe ssx 8 SSY' df 1 

~+Re-I sult 
,....-.--

1 ! C 
Total ·J 5 2.104 1 • Lr·l 6 2. Lro 9 I 
Bloclcs 7 0.929 0.353 0.625 I 
Treat-
ments 1 0.003 -0.039 0. 518 

Error 7 1 .173 1 .1 04 1 . 326 0.287 6 0.0478 

Tr + I 
I 

I I 
Error I 8 1 • 1 7611 • 06 5 1 • 8441 0. 880 7 

I I 

I ! 

I 10.5931 0.5912.4061 I For I 1 "' I 
ri• 

J testing I I 

I I 
TR diff-

l I e renee 1 ' ' 

I 

. - j 

I 



APPENDIX 3 

(A) Covariance Analysis, using Preliminary Period Milk 

Fat Yield as X and Whole of the Comparison Period 

Mill;;: Fat as Y (Table 6) 

I Source d.fi ssx i n SY f df 1 lll 
I 

I 
lJ Re-

l sult 

I Total l 1 sj o • 1 4L~ 71 o. 11 ss 0.1 079 

I 
I I Blocl;;:s I 710. 091 21 0. 0761 0.0722 

I 
'l'reat- I o. ooosl ment 1 jo. 0031 j o. oo16 

1 Error 7j0.0504l0.0380 0.03Lf9 0.0320 6 0.0053 
l 

I Tr + I 1 

I I I 
1 Error 8j0.053510.0396 0. 0357 0.0328 7 

Par I l 0.0008 1 0.0008 <.1 I l testing 
! TR diff-

I I j e ren ce 

(B) Covariance Analysis, using Preliminary Period Milk 

Fat Yield as X and First~Half of the Comparison 

Period ilk Fat Yield as Y (Table 5) 

~s_o_u_r_c_e __ +j_d __ .f-+i ______ l~s-·P_x_Y-+--s_s_Y--+-u-0 ___ '-+_d_f-+' ____ M.~~-F--+1--~~~,~=l~t~ 
Total I 15 o:1447 0.085510.0734, 

' Blocks 7l 0. 0912 
1

0.0530 0. OL!35 

Treat- l 1 
men t 1 , 0. 00 31 I 0. 001 4 0. 0007

1 

0. 01 00 
Error 710.050410.0311 0.0292 0.0102 

Tr + 
j E rro" I -

! For 
testing 1 
TR diff-1 
e renee j 

I I 
810.0535j0.0325 0.0299 0.0002 

I ! 

I I 
I 

6 0. 0016 

7 

1 0. 0002 <1 I NS 

I 

I 
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( ) Covariance Analysis, using Preliminary Period 

Content as X and 

Content as Y (Table 6) 

Source 1 d.f., I SY' I df'l I Re- I l snlt 

o. 969 
! 

Total 1 5 0.729 o. 920 
Block 7 0 .L196 0.368 0.429 ! 

Treat-
I I ment 1 0.006 0. 02!J, 0.1 21 

Error 7 0.467 0.337 0.370 0.127 6 0. 021 I 
I 

Tr + 
10.491 Error 8 0.473 o. 361 0. 216 7 

For 0.089 1 0.089 4.238 
testing 
'l,R diff-

l I I e renee 

(E) Covariance Analysis using Preliminary Period 

Content as X and of the Comparison 

Period Content as Y (Table 5) 

Source I d a I ssx s I y ! df 1 

J 
F I .J_ • 

sult 

Total 
I 15 0. 969 0.578 0.906 I 

0.496 0.262 
I 

Block 7 o. 21 0 I 

I I Treat- I 
ment 1 0.006 o. 013 0.033 
Error 7 0.467 0.355 0.611 0. 341 6 0.057 

Tr + 
.t!.lrror 8 0.473 0.368 0. 6Lt4 0.358 7 

Por ' I o. 017 1 0. 017 <:1 
testing I 
TR d f-
e reo ce 
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(A) Covariance Analysis, using Preliminary Period 

Yield as X and Whole of the Campa son Period 

Yield as Y (Table 6) 

ource d.f. s Q <:' yt d. f.
1 F Re- I u u 

salt i 
Total 1 5 0.5897 0. 51 05 0.1683 

I I 
1 

Block 7 0.3817 0.3707 0. 41 09 I I 'rreat-
I ment 1 0. 0134 -0.014510.0054 

I .ili r ro r 7 0.1 946 0.1538 0.1683 0. \<3 6 0. 0081 I 
I I 

Tr + 
0.16441 l .Li:rror 8 0.2080 0.1 393 0.1737 7 

·1 For 0.11 56 1 0.11 56 1 4.1 71 
testi 

I I 
dif 

I e ren ce i I 
( '\ Covariance An ysis, using Prel inary riod I 

Yield as X and First of the Comparison Period 

Yield as y (Table 5) 

I I I Source d r.: s <:' Y' d.f' Re-• l.. u 

sult 

I Total 1 5 0.5897 0.4569 0.5382 
I I Block 7 o. 3817 0. 3521 o. 371 5 
Treat-

I 

ment 1 o. 0134 1-o. 0260 0.0506 
I 

0.1308 0.11 61 0.0282 
,-

0.0047 E rro:r 7 0.19Li6 0 

Tr + I 
0.11 391 .Li:rror 8 0.2080 0.1 048 0.1667 7 

.?or 0.0857 1 o. 0857118. 23Lr I testing I TR diff-

I erence 1 
i 
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(a) Live-wei t Change (Table 1 6) 

Analysis of Variance 

!
L Source _ 1 d.!J S,S : 

. Total 26 412.792 

I Square 2 52.760 

I Periods -vvi tnin Square! 6 59.420 

~~~-- Cows within Square 
1 

6 

1

, 45. 7Lf4 
. Treatment 2 6.739 
I Treatment x Square Lf 9.027 

I , 6 l24o 1 o"' cror . - . c: 

t---1.--f l R~~~-t-~ 

1!

1._ 26.380 11.5047 I I 
. 9. 903 I <:1 I 

7.629 I <1 II 

I 3.369 j1 .493 J 
I 2.257 I L1 

I 40. 01 7 I _____ _j ____ _ 

(b) Dry Matter Intake -Preliminary Period (Table 17) 

Total 

Days 

Cows 

Error 
·--· 

Source 
I
. d.f. r S.-~---~M.S. +' f 

----+----rl--- ~4--~--- ---- __ :_ult~ 
1 1 07 ' 309. 8 57 

11 16 9. 71 9 1 5 • Li 2 9 0 2 3 • 34 54 '~ I 
8 81 . 978 10. 247~1 5. 5049 ! :;: II 

58.160 0.6609 
----~- -~·--------~ 

88 



APPENDIX 7 

(a) iviilk eld- Preliminary Period (Table 17) 

alysis of Variance 

Source d.f. . 8. C• • u. f Result 
-----" 
. Total 87 376.91 
I Cows 8 31 9.1 9 39.8987 53.9682 '" .,. 
I 

I 0. 6633 I Days 9 5-97 <:::1 

I Error 70 I 51.75 0.7393 I 
(b) ilk-fat Content- Preliminary Period (Table 17) 

alysis of Variance 

d.f. B.S. f sult 

26 111 • 4701 
8 110.4805 1 . 31 00 23.1858 
2 I 0. 0947 0.0473 .(1 

16 0.9049 0. 0565 

(c) Content - Preliminary Period (Table 17) 

Analysis of Variance 

ource~ s.s. .s 

Total 26 4. 051 
Cows 8 2. 516 o. 31 
Days 2 0.078 I 0.03 

I Error I 
16 1 .457 0.09 

' 

l "" Result . 1. 

I 

45 I 3-456 I 
90 I <::1 I 

I I 
10 I I 
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(a) Total DOM Intake (Table 18) 

alysis of Variance 

Source d.f. I s.s. M.S. f I Resu:.:_j 

I 'l'otal 26 1 8. 936 I 
I 

Square 2 4.689 2.3445 1 . 8 711 

Cows within I 

Square 6 6.657 1 .1 095 20.0344 * I 
Period within 

I 
Square 6 I 1.038 0.1730 3.1340 + 
Treatment 2 5. 753 2. 8765 24. 58 5Lr "' ... 
( i ) A Vs B & c 1 5.3248 5. 32Lt8 45.5111 I (ii) B Vs c 1 0.4290 0.4290 3.6667 

I Treatment X 
C' 4 I 0.468 0.11 70 2.11 96 uquare 

I 
I 

Error 6 I 0; 331 0.0552 ' I 

(b) Total Intake (Table 18) 

alysis of Variance 

I 
Q I Q l 

ource ld.f. f I Result • u. I • u • I 

Total 26 35-460 
Square 2 9.897 4-9485 1 • 8031 
Cows within I 

Square 6 1 3. 642 

I 
2.2737 14.2731 ··-.,. 

od wittin I Square 6 3. 35Lt I 0.5590 3. 5091 + 

Treatment 2 6. 81 8 3.4090 17.1998 
(i) A Vs B & 0 1 6.2764 6.2764 31 .6670 .,f .. d .. 

''l" Wi~> 

(ii) B Vs 0 1 0. 541 5 o. 541 5 2.7320 

I I Treatment X 
Square 4 0.793 0.1 982 1 • 2Lr42 
.t;rror 6 0.956 0.1 593 

I 
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(a) Pasture D.O .• Intake ('I'able 18) 

Analysis of Variance 

Source d.f. s. s. c. Result .L 

Total 26 24.1 30 

Square 2 
f 

4. 613 2.3065 1 . 9948 
I Cows within 

Square 6 6. 012 1 • 0020 1 2. 6356 

ods within 
I Square 

,.. 
1 .164 0.1 9L~O 2.4464 b 

'rreatment 2 11 • L~31 5. 71 55 52.6744 
(i) A Vs B & c 1 10.1417 10.1417 93.L~719 

(ii) B Vs c 1 1 • 2896 1 • 2896 11.8857 * 
'rreatment X 
Square 4 0.434 0.1 085 1 • 3682 

Error 6 0.476 0.0793 

(b) Pasture Intake (Table 18) 

Analysis of Variance 

-
Source d.f. s.s. I\I.S. f Result 

Total 26 51 . 599 
I 

9.582 4. 791 0 1 • 8205 Square 2 

Cows ithin 
Square 6 1 2. 634 2.1 057 1 3. 7807 

riods within 
Square 6 3.662 0. 61 03 3.9943 + I 
Treatment 2 23.957 11 • 978 5 56.5824 J• ,,. 

I 
( i) A Vs B & 0 1 I 21.2766 21 . 2766 1 00.5035 

(ii) B Vs c 

J 
2.6803 2.6803 12.6608 

Treatment X 

I Square 0.847 0. 211 7 1 • 3854 

Error 0. 917 I 0.1 528 
I 

1-
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Pasture Int : Period within Treatment 

alysis of Variance 

I 
' 

l I Source d.f. 8. C• f sult . .u • 

I rr .J.. 132: 923.008 I _oual 

Treatment 290.694 1 45. 3LJ7 
Pe rtods within I Trea nt 6 45.124 7.5207 19.33 
Days within 

rtod 99 166.61 0 1 . 6829 

1 ~ows within 
1214 I I l JJa ;y·s 420.580 1 . 96 53 

I I I ! I 
I ! 
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(a) ilk Yield (Table 21) 

Analysis of Variance 

Source d.f. s.s. s .c. sult . . .i 

Total 26 11 8. 316 

Square 2 50.026 2 5. 0130 2.3993 

Cows VJi thin 
Square 6 51 .1 86 8.3376 39.2357 

riods within 
Square 6 13.056 2.1 760 1 0. 240 i:~ 

Treatment 2 1. 480 0.7400 2.2896 

'rreatment X 
Square 4 1.293 0.3232 1 • 5209 

1£ rror 6 1. 275 0. 21 2 5 

(b) F Yield (Table 21) 

Analysis of Variance 

ource d .f. s.s. F C' .c; sult u.u. .i 

Total 26 91 . 688 

Square 2 37.607 1 8. 8035 2.5025 

Cows within I 

Square 6 38.1 54 6.3590 12.9696 d, 

I 
.,, 

riods within 
Square 6 8.1 05 1 • 3508 2.7550 HS 

Treatment 2 I 1 .690 0. 8L~50 1 • 0596 

'rreatment X 

I Square 4 3.1 90 0.7975 1 • 69 57 

I Error I "" 2.942 0.4903 b 
I 
I 



(a) 

12 

Fat Content ('l'able 21) 
Analysis of Variance 

Source ~d~:· s.s. lLB. f Result 1 

1,' . Total 

I quare I 2 
I Cows within I l Square 1 6 

10.287 

3.426 

5.660 

1.7130 1.6339 

I 
I 

I 
I Pe ri_ods w i thi 11 I 
1

1 

Square i 6 
1.,, 

0.705 0.1175 5.7882 . 
I 

~ Treatment l 2 0.090 0.0450 <1 I 

L--0:::::...:_. 2:...::8::...::4::.__.~....-..:::.0.:.... 0:::::.:7::::...:1:::..0~--3-· _4 9-7-5--'-- + _. __ ,1 

I I 1 Treatment x 
1 I Square 4 

[ Error I 6 - 0.122 0.0203 --

(b) Content (Table 21) 
ys of Variance 

I Sou r ce !a . f . 

I Total I 26 

j quare I 2 
I I

I 

1 Cmvs within 1 
I ouare I 6 
! - I 

I rioo:::o within ,. 
1 Square 

1 
6 

I I 
1 'l1 rea t men t 1 2 

! •rreatment x ! 
I Square ~· 4 
l.ri:rror 6 

S.G. 

2.964 

0.769 

1. 598 

o. 312 

0.127 

0.11 0 

0.048 

Tvl. 1D • 

0.3645 

0.2663 

0.0520 

0.0635 

0.0275 

0.0080 

f 

1 .1 295 

33.2870 

6.5000 

2. 3091 

3.4375 

Result 

+ 

(c) Content (Treatment within S are) (Table 21) 
alysis of Va ance 

I Source !a.f. 
1 Total II 26 2. 964 

0.769 

f Result 

! Square .,I 2 
1 Cov1s vJi thin 

I 
Square 1 6 1.598 I 

1 
Period vvithin 1 ! 

1 S qua re 6 0 • 31 2 I 
1 

reatment vli th~ _jl 
n Square 6 0.237 0.0395 4.937 

rro~r~------~---6~--~~0~·~0~4~8~~-~0~·~0~0~8~0~--------~~---
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(a) Fat Yield (Table 21) 

y is of Variance 

Source d.f. I C' C' 
CleUe 

C:' • 0. 

Total 26 I 0.1780 

Squares 2 I 0. 0609 0.0304 I 

1 

Covvs within I 
I 

Squares 6 
I 

0.0858 0. 01 L!3 I 
I Periods within I 
l Squares ! 6 0. 01 05 I o. 0017 

I Tre ment · 2 0.0036 0. 001 8 1 I I :reatment X I o.oo24 ;:Jquare 4 0.0096 

I Enor l_o.oo131 6 0.0076 

(b) Yield (Table 21) 

Analysis of Variance 

I a. r . ~~". o . 
~To--ta-l----------~~~--2-6--~~1-.-0-3-3-- I 

Sou roe 

2 1,. Squares O.l-+71 

Cows vvi thin 

I
. quares 

Periods within 
1 Squares 

Treatment 

Treatment x 
Square 

Error 

6 

6 

2 

4 
6 

0.424 

0.094 

o. 01 8 

I 0.011 
I J -~· 01 5 

0.23551 
! 

o. 07071 
0. 01 57 I 

0.0090 

0.0028 

o. 00251 

~· 

f 1 Result 

1 • 981 2 

11 • 000 

1 • 3076 I <::1 NS I 
1 . 8461 

___ _j 

f sult 

28.280 

1 .120 NS 
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Food Cons tion - e to In 

n I 1 2 3 cv 
~~~~------~-----~----+---~-----r-----1 (5b)-r~~~~e~r~e~n~c=e~ 

I I I 

B. 'rot 
I ( tu re + 

I 

tra 
cen

c' uj 

'-~---~--~· I 
I ture 

I !12.5 10.5 10.81_ .2313. 
! I 

II 111.9 12.7j10.9±0.23,3.30 2>1 ,2 

III !12.9 13.0 
1

12.212:0.23 I 3.07 

mean 1 2. 4 1 2 .1 1 1 ~----r---1--·-----------~ 

I . 1 Lf. 5 11 2 . 4 11 2 • 7 _ . 2 3 2 . 96 i 1 > 2 , 

II 13.5 14.7,112.91±0.23 2. l 2> 

! ,1' 2 :;:::--1 
TTT 1}. P, I 1 Jl 9 I 1 2 I '0 2. 

---

I 

I 

=-~ 
- ~ ~. 7 7. 3 I 7. ~ I ±0. 1 7 I 3. ~7 1 ? 2 ' 3 

l..L I o.2 1 8.81 7.o _ .17

1

3.41 1:;;::- 2; 
I I I 

I I 8.9, 9.0 I 8.51;~:0.17 3.181 N8 

~-+ --+·--+-~ -- ------! 

I ... vc"1 ~ 8.6 f 8.4 1 7. 9 I ____ j 
I 110.2 8.7, 1>2, 3 I 

II I 9.7 10.311 2?1 ,1 7 I I 2 ,;, I 

I 11 0. 5 1 o. 5 ~· 0 :':0.14 2. 1 7 3 '~ 7_3 * I 
r-m-~e~a;·t;-0.1 

1 
9.81 9-4~---

1 
I 
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1 5 
Variability in ilk Production due to Cows 

(Kg/Cow/Day) 

I Cows within Square 1 2 3 1 cv 
( ~~) i ·;o -- --~.~~····· 

Sq. 
I I lk Yield I 

( ) I 1 3. 8 12.0 1 2. 9 ±0 .. 27 3.57 
II 1 3. 0 1 6 .1 13.8 ±0.27 3.22 

III 17.2 1 7. 7 13.6 ±0.27 2.83 

mean 14.7 1 5. 3 13.4 

Milk-Fat 
Content (~b) I 6.04 r.:; 03 5.1 8 +0.08 2.45 _/OJ -

5.Lf8 4.70 4.49 +0.08 2.86 -
III 4. 52 4.88 5.82 +0.08 2.76 

I 

mean 5-34 5.17 5.16 

Milk-Fat 
I 

I 831.7 70~.7 663.7 +20.0 4.898 
Yield ( ) 

I I II 709.0 758.0 622.0 +20.0 5.170 
I I -

I III 781 . 0 862.3 788.7 +20.0 4.441 

mean 773.9 778.7 691 • 5 

Content I 9.59 9. 91 I 9.45 :_::0.052 0.922 
( ) 

IT~~~~ 
9.58 8.98 ±0.052 0.958 

~-·L.L o :J 9.54 1 0. 02 1!:0. 052 0.923 

mean 9.42 9.68 I 9.48 

Yield I 1 323.3 '11 87.11 211 . 3 +29.0 4.029 
(Gm) II 12C4.0 1 548.9 12L} 3.3 :_::29.0 3. 754 

III 1613.3 169 . 7 1360.3 +29.0 3. 21 5 

I rne an 1 380.2 14 7 5. 8 127'1. 6 

lsi ificance j 
of diffe renqe 

1 72 •'> 
""" 

2 71' 3 

1 ' 2/3 

I 

1 73 * 
I 

2:::>"3 d,o ... 

1 /2' 3 * 
3 7 1' 2 

12/'1 * 

1 "? 2' 3 

I 2 73 
1 73 :i; 

2 71' 3 '" ... 

' 2 >1' 3 

271' 3 
~!,. 

~-~ 

1 7 3 ~;:* 

3 71' 2 

'l .:;;:> 2' 3 

2 ?'1 ' 
-,. 
:J 

1 ' 273 ~tAl .,." 
..-,~ ~,,. 
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tiple gression yses 

= 307.778 x2 = 1 6. 955 y = 9.767 

.6 2 25.2 2.Y 3.94 1 = :i'X2 = = 
X 1 = 214.3 :£x2 y = 9.05 zx \7 1 !J = 97.1 

by 'i.2 = 0.0057 by 2.1 = o. 31 08 

y .1 22 /1 
by 1 • 2 o .. 0.60/6 0.1 0; z:.v_, 22 = = = ~., 

= ( 3. 9L~ - 0.60) = 3. 3Lr 

es of riance 

Source df ss I rrrs f Result 

'I'otal 8 3-94 
Regress ion 2 7._ "~' :J•../4 16.7 

6 0.60 

'I'e s t .., .c. "'<>'" acn 01. A te r the ct of her 

has been Removed 

1 'I • 76 
! 

1 1. 58 1 • 58 1 5. 8 

~ 
I alone 1 3.25 I 
I !v 
I A1 X 2 1 0.09 0.09 0.9 

I i!:n'o r 6 0.60 0 .. 1 0 
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n 

-en e 10 
w 
~ 
<C ..... 
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9 

~ • 
0 
Q 

8 Y:0 .. 359X+ 3·680 

~I I I I I - I I I 0 I 14 15 16 17 18 19 20 

4%FCM YIELD (k9) 
Fig.S: Relation between the DOM intal(e and4%FCM yield· 
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11 

-&r.> e 10 
w 
~ 
C( .... 
z 

9 -
:e • 
0 
Q 

8 Y:0 .. 359X+ 3·680 

~I I I I I - I I I 0 , 14 15 16 17 18 19 20 

4%FCM YIELD Cks> 
fig.S: Reld.tion between the DOM intal(e and4%FCM yield· 
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Adjustment 

p E 

~ I I • 1 November 

p E 

, I I 
November 

p E 

f I I J 
13october 

Comparison 

Rl I 0 D -
I I 

R 

R 

29[ 
I 
I 
I 

I 

I I 0 D -
I I I 

8 

I I 0 D -
I 

I I I 

20 

3 

~ I I 
December 

2 

' 

DATE 

Change in milk yield/cow/day, ----.A,A--AB&III--IIC. 

+ 


