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The influence of concentrates feeding on food intaks

and the yield and cowmposition of wilk is wveviewed.

THE ZFFPECTS OF CONCENTRATE FLREDING ON FOOD INTAXKE.
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ABTURE IHTAKE.

A limited nuumber of experiments have besu garried
out to examine the effect of concentrate fesding on pasture
consumption.

MacLusky (1955) investigated the effect of con-
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TABLE 2. Summavry of Hxperiments Showing Effect of Concentrate Feeding on Voluntary Intake
of Bassl Ration.

Name Author | Year | Bassal Amount of Concen— Kg bagal % DM % Increase Remarks
Hation trates DM congumed | vation bhasal in total DM
(KW) Subat%ﬁm rati@g intake over
© uted/Xg substi~| that of hagal
cONCe - tuded ration when
Ltrates fed alone
1. Machusky t 19551 Pasture | Periods -11 3.3 0.11 BB 26.5 Gatimation of in-
21 3.3 0.10 2.3 2.8 take by hand
3103.3 0.57 23,3 17.6 clipping the
bt 3.3 0.75 22.0 7.3 herbage (i.e.
indirect)
2. Corhett 1958 | Pasture | Spring 3,1 0. 55 1.0 .0 Egtimation of in-
& Boyne Autumn 5.9 0.42 11.8 16.0 take indirvect-
cu ;

3. Seath 1959 | Pasture | Bxp I 2.3 0.7h4 11.9 L. Lgtimation of in=-
et.al. e 0.8 23.6 Lol take indirect-
‘ _ - faecce hromoge
Bxp II 1.9 0.5L3 6.1 8.1 _pecal chronogen
- O e . 4 WL U0
%o O 0.36 1 0.1 17.9 N
2 - 0 Lo me thod
L, Autrey 19L2 1 Hay + Sxo I 2.5 0.32 7.5 15.4
gt.al. Silage .6 0.27 1.4 29,0
Oxp IT 2.2 0.37 6.6 11.0
5.0 Q.50 20.4 20.4
5. Jdengen 10L2 | Hay -+ - - 0.50~ 0.70 - -
et.al. Silage
6. Reid 1956 | Hay or - - 0.40 ~ 0.50 - - Conclusions from
ilage several Awmevican

experiments




TABLE 2 continued

Name Author | Yeay asal Amount of Concen- % Increas Remarks
Ration trates DM consumed in tobtal I
(Xg) intake over
3 that of vasal
aonesen- tuted vatlon when
trates fed alone
7. Reid & 1956 | Dried 5.8 0.68 19.0 6.l Comparison made
Lolmes Grass -+ with group fed 2.0
Hay Kg concentrate
&, Holmes 1957 | Grass 2.7 0.67 13,4 6.3 Considerable
et.al. silage L.2 0.67 26,1 12.6 depression of
ad.lib. 6.2 0.62 35,4 21.9 silage intake, hay
+ drled slightly and grass
STrass + Was liiulu affected
hay
9, Schmidt 1959 | Hay 2.7 0.13 - - Dry cows used
& Shultz 5.8 O.L3
10. Holues 1960 | Hay + 3.6 0.30 1.8 10.7 )omparﬁgons with
et.al. Silage 5.4 0.14 6.7 2l .6 group fed voughage
+ 1.8 Eg 7.2 0.18 8.7 38.1 + councentrates
aoneen-
trates
11, Castle & 1961 | Hay + I 7.2 0.38 - - Comparison with
Watson &iiag@ IT 7.2 0.18 groun fed roughage
3. Kg + concentrate
conec.
2. Blaxter | 1961 ] Hay di- - - 1.0 - - Bxpeviment with
et.al. geshib- gheep
- - 0.47 - -
§




TABLE 2 continued

Name Author! Year | Basal Ameumt of Concen-— Ko basal % DM % Increase Remarks
Ration trates DM consumed ration hagal in totel DM
(Kg) ?u?st%: Wwﬁﬁ?m intaks over
tuted/hg subeti-1 that of basal
cOnee - tuted ration when
trates fed alone
3. Cam mllm@ 1966 Concentratel 8.0 0.21 22.8 103, 1 Dry cows used
& mixtures 11.0 0.3h 119.9 118,
Murdoch 14H.0 0.33 650.0 15,2
1. Shandard
GONG. 6.0 0.29 18.1 5.2
2, Dats +
GNC 5.0 0.37 22.3 50.0

% Plaked
maize +

[N
i
O
]
2
S
O A

(]
-4
L]
o
LN
8
AS

Lo Murdoeh | 1967 | 1. Grass 7.3 0.2 - - Comparison was
& silage made with low
Hodgson + 1,0 (3.3 Kg) level of
Hay ad. concentrate +

ib./T00 basal vation

bae.wh.

e
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TADLE 3 Summary of Responges Brpeviments
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Author
Concen-
trates

(Xg
- L..)

1.Hancock 11953 Pasture, 2.6 2.0 res caleulated from
a ion ciginal data - Table IV,
T Hanoock,1953.
2.0dey 1956 Pasture L5 hxp I 1.6 0.L0 " Good guality pasture
Exp IT 1.3 0.29 " Good quality vasture
2.1 0.h7 i loderate quality
pasture

2. Wallace 19571 Pasture 2.7 3.2 1.18 ! Hard grazing
1.3 0.48 i Liberal grazing
i, Covbett 1958 Pasture 3.6 0.6 0.17 t
& Boyne b5 1.3 0.29 i
5, Castle [1960 Pasture 2.5 - 2,7 ! 0.63 0.25 i
ema ui
6. Shephe rdll 962 Pa@taxv o+ Barley weal ixn I 0.8 0.25 "
1 .01b/ cow 3.2
Uy¢n~wup Dairy cake
+ 31h Fel 2.6 0.8 i
Barley meal
3.2 Bxp II 1.8 0.55 i
Dairy cake
3.2 1.2 0.37 t

.
W

A
=

T.Castle

EN

Pasture 3.6 - - - No vesponse
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Fig.1: An estimation of feed availability, Hay Xx—X;
Silage B~8; Concentratesd—2a;Pasture e—=o;Total roughage 0—o0.
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3.1.3 Feeds and Feeding

(i) Feeds -

Five paddocks, three at No. 3 Dairy unit and two
at No. 1 Dairy unit, were reserved well in advance of
the commencement of the experiment. Particular. care
was taken to avoid contamination with dung. Cutting
of paesture was done dally and completed by 9.0 a.m.
Sufficient pasture was cut every wmorning for a.m. and
p.m. feedings. The pasture was kept in the feed
preparation room adjacent to the feeding bharn and was
covered with a tarpaulin after the a.m. feeding in an
attempt to prevent wilting, and to keep the dry matter
content as even as possible through the mass.

The pasture was cut with a Flail Forage Harvester.
This machine was satisfactory in that it chopped the
pasture into 2 - L' lengths with very 1little bruising.
Pasture height varied from 4L - 1L" and it was possible
to cut the pasture at a height of 2 - 3" from the ground.

Care was taken not to cut too low, thus avoiding
contamination of the feed with soil. The concentrates
ugsed consisted of the following ingredients in a
pelleted form:

1. Barley meal - 80 parts by weight.

2. Wheat 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




(iv)

\J1
(@]

5.0 p.m. "Topping up" of pasture was carried out
during the day if felt necessary. The concentrates
were fed to appropriate cows twice dally at 7.0 a.m.
and 2.30 p.m. prior to the feeding of pasiure.

Intake wmeasgsurements -

The cows were fed individually. The pasture fed and
refused was weighed and the welights were recorded to
the nearest 0.5 Kg. To ensure ad.lib. feeding sufficient
pasture was offered to each cow so that refusals wers

3

more than 10% of the amount fed. The refusals were
welghed once daily at 3.0 p.m.

The concentrates were welghed to the nearest 50 g
and fed in swall rewmovable bins placed on the side of
feed bins. Refusals, if any, were weighed and
weights were recorded to the nearest 50 g at each

feeding.

Caumpling of feeds offered and refused -

Three representative samples of the pasture offered
to the cows were taken at each a.w. and p.w. feeding.
One sawmple of refused pasture wag taken each day if it
exceeded 2.5 Kg for DIl determination. If the refusals
were below this amount the mean D % of all refusals
were used. However, this situation rarely arose as
the refusals 1n most cases were considsvable. Duplicate
DIl determinations were made from 225 g sub-samples of

pasture. Thus six DM determinations for each feeding

were carried out and the mean DM was used to calculate
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the pasture fed. ©Single DM determinations were made on
each cow's refusal sample which was taken after thorough
mixing. Three representative samples of concentrates
fed were slso taken twice during each period aund
duplicate Dl determinations carried out for each gsample.
The DM detevrminations were carried out by keeping
the feed samples in a forced-draught oven. at 7500 for
2L hrs.

1.4, General Manageument

(X

The cows were kept in the feeding barn from 7.0 s.wm. to
10.0 p.m. each day except during the p.m. wmilking, i.e. at
3.0 - 5.0 p.m., when they were kept in a loafing shed close to
the feeding barn. A vad of sawdust was provided in the loafing
shed. The animals had appreximately 12 hr access to food every
day. Water was avallable at all times both in the feeding barn
and loafing shed. All the animals were groowmed once a week.
Cows showing signs of ogestrus were either mated or in-
gseminated from October onwards and records kept.
3.1.5. Live-weight Measurements

The cows were weighed at the beginning and end of each

period at 8.0 a.m. In an attempt to reduce the effect of gut-

fill on live-weight the animals were starved for 14 hrs. Thus

bt

%

on the day prior to weighing the animals were allowed 1.0 hr

i

access to their p.m. feed instead of the usual 5 hr. Live-
weights were recorded to the nearest 1.0 Kg.
Z.1.6. Milk Sampling and Recording

The cows were milked twice daily at 6.30 a.m. and L.30 p.m.




60

in the milking shed adjacent %o the feeding barn. Milk weights
were recorded to the nearest 50 g at each wmilking for six days

a week. Proportionate samples of wmilk for the determination of

1

fat and B contents wers taken at each wmilking These wers

ey

combined to give two determinations per week on the two cowm-
posite samples of six consecutive milkings each. The samples

. 0
were kept in a cold room at L~C.

5
4]

The milk fat defermination was carried out by ¢
standard Gerber Method (British Standard Specification, 1955)
and the total-golids were determined gravimetrically by the
technique standardized during the Mield Hxzperiment (See section
2.1.5). The SHF content was obtained by difference. Duplicate
samples were used to determine both wmilk fat and SNE contents.
The determinations were repeated in cases where differences
greater than 1% occurred.

3.1.7. DBotanical Composition of Pasture

Duplicate representative samples for botanicél COm~
position from pasture fed were itaken twice weskly. The main
componenis of pasture were separated out and dried from a

100 g sauple so that the components could be expressed on a

Dt

basls.
3.1.8. Chemical Composition of Feeds

Daily sub-samples of pasture were taken alfter Di
determinations and bulked for each period of the experiment.
Likewise concentrate samples after Dil determinations were also

preserved separately for each period. The bulked samples wers

ground in an "Apex" rotary grinder through a 1.0 mm. mesh.




Opm s .
Ground saumples were stored at -12°C in screw top jars for
chemical composition.

e

fmther extract, crude fibre and ash wers determined by

)

the A.0.4.C. (1960) methods. Crude protein was determined by
a wmodified technique of A4.0.A.C. (loc.cit)in which ammonia wsas

collected in a saturated boric acid solution (lieeker and Wagner,

—

93%) and mercuric sulphate was used as a catalyst (Hiller
3.1.9. Digestibility of Feeds
The digestibility of pasture and concentrates was
determined by total fascal collection from six wethers which
were fed in metabolism crates.
(i)  Animels -
Six 186 months old Rowmney wethers were used. Four of
these had previously received sheep pellets fed indoors
for a period of 6 wmonths. Two of the wethers had been

grazing pasture prior to the experiment.

(ii) Ixperimental procedure -

The general outline of the experiment is given as

unde r: -

=

(a) Training period - 21 days.

(p) Preliwminary period - 12 days.

(¢) Collection period - continuous 10-day faecal
collections from October to Deceumber.

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

0 accustom the animals to the feeding conditious and

to obtain an estimate of voluntary intake. Pasture and




pelleted concentrates were fed to all sheep over the
training period. Some difficulty was eXperienced in
obtaining satisfactory and consistent intakes of

pasture with the four wethers which had been fed

e
Qs

ndoors previously. The two sheep which had been

grezing earlier consumed considsrable more pasture

u

over the training perio

-

Preliminary period - The object of the preliminary

period was to have the animsls eating relatively con-
stant awmounts of pasture and concentrates for a period
before beginning total collection as rvecommended by
Blaxter et.al. (1961). The sheep were divided into two
groups A and B. The wethers previously grazing were
randomly allocated separvately to each group with random
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.

-3

Collection period - The dates of the faecal collection

periods are given below:

Period Dates

1 2L Qctober - 3 Noveuwber
2 % November - 13 Novewber
3 13 November -~ 23 November

L 27 Tovewmber 7 December




As there were no clear differences in digestibility
between groups A and B, 1t was decided to increase the

level of concentrate fed to 360 g/day for the fourth
collection period. An interval of four days at the
high level of concentrate feeding preceded the last
collection period.

Dil determinations in fed and refused feed were carvrised
out as outlined in section 3.1.3 (iv) and the ash con-
tent of the feed and faeces determination by igniting
in = muffle furnace at 600°C for three hours to enable
estimate of DOH intake to be made.

3.1.10. Rate of Passage

The techniqgue ewployed was based on the method of Balch

h

(1950) and involved the feeding of stained pasture and concen-
trates to the cows and counting coloured particles in the
faeces.

(1) Animals and experimental procedure -

Two cows were rvandomly chosen from each of the thrse

treatments 4, B and C. These were as follows:-

Treatment Cows
A. Pasture ad.lib. 82, 95
B. As 1o A + 2.7 Kg concentrates 35, 78
Co as in A + L.0 Kg concentrates Ly, &7

The pasture was dried and stained with 0.028%
Crystal violet solution by boiling for 6 hours. The

dried concentrates were stained by boiling in an




w——
.

fomde

N

0.05% aqueous solution of Safranin. The stained feeds

were washed in running water through a cheese bag and

dried in an oven.
The aswmounts of stained pasture and concentrates
offered were as follows

A

]

700 g pasture
B ~ 700 g pasture + 225 g concentrates

700 g pasture + 3L0 g concentrates

C

The amounts fed were approximately 5% of the cow's
previous day's intake. The dyed feeds were offered &%
5.30 p.m. and were eaten by 7.30 p.m. of 13 Hovewber in

the secound experiumental period

Sampling of faesces and counting of particleg -

Faecal samples were taken per rectum for six days.

The filrst sample was taken 11-hr after feeding, the
next three at L-hr intervals, followed by samples

teken at six-hourly intervals increasing to 12-hr

D.v

intervals on the last four days of the six-

o

mpling

ay s

. o, .
eriod. The sauples were stored at -127C until re-

‘D

guired for counting coloured particles.

Samples of faeces were sieved on weighed cotton
gauzes under & Jjet of water and coloured particles
counted under 10 X wmagnification. The gauzes were dried,
weighed and stained particles were exXpressed as the
number per 0.01 g Dil. Bix separate determinations

were carried out with sach faecal sample.

The recovery of stained particles was also eXpressed




as a cumulative excretion for 6-day collection period.
Cumulative per cents were plotied against time. From

the resulting curves the 80 - 5% excretion times were

[

determined which represent rumen retention time

(Balch, 1950). A value 'R' (Castle, 1955) (calculated
by adding together times of excretion from 5% - 95%

at intervals of 10% taken from the cumulative curve and
dividing the same by 10) was used as a measure of mean

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

digestive tract.

2y
=

3.1.11. Volatile-Fatty-Acidg, Rumen pH and Rumen Ammonisa

stulated cows were used (No. 15, 16, L5 and 122).

f..f'
W
ot

Four
A1l cows received pasture ad.lib. Two of them were fed 2.7 Kg

of concentrates/cow/day in addition to pasture.

fode

The sampling for VFAs was carried out in the Period 1
on three days - 20, 26 and 31 October. Thryree samples were
taken from each cow at 9.30 a.m., 12.0 noon and 2.30 p.m. on

gach saupling day. VIFA deterwminations were carried out by

ot

steam distillation (Davey, 196L). pH of the rumen liquor and

ammonia determinations (Conway and Malley, 1941) were also
carried out on these samples.

3.1.12. Statistical Analysis

(i) Preliminary period -

Differences between cows and days in wilk yield,
milk fat and SNF contents and DU intake in preliminary
period were examined by analyses of variance (Snedecor,

1961).




(03
(02

(i1) Latin sguare -

5.

Analysis of wvariance for the Latin sguare as cut-

lined by Snedecor (log.cit.) and by Cochran st.al.
(19L1) for replications of squares was used to fest
for differsnces between sgquares, cows withlin squares,
periods within squares, treatmenis, and the treatuent
X sguare interaction. The classifications of the
components of variance 1lg given in Teble 9.
TABLE 9: Analysis of Variance
(Treatments fixed, squaves, periods and
. A
gows random variables)
Source of d.T. Mean Coumponents
Variation sguare
. o 2 2t 2
Squares (8) g1 S 69 + ab P(8) + ab“c(s)
+ 8628
Cows within . 5 5 .
Squares () s{a~1) (0] 6 + ab“Cc(s)
Periods within 5 5
Scuares (P) s(a=-1) i 67 + ab“P(8)
Treatments (4) a-1 MA 62 + ab2SA + sabA
Sqg. x Tr. (SA) (s=1)(a-1) | USA 62 + ab2sA
} o 2
Error (8) | s(a~1)(a-2) | u= 6
T procedure was used for itesting

sguares -

Mean Square, 0 +no.)

i

P /s(a=1)




[6)
-~

Cows within Square - T o=

0 =

1

ﬁg =
Periods within Sqguare - P o=

ny =

0 o=

2
Treatments - o=

n, =

N, =

2
Sguares X trestment - P o= MBA/NE

D, = {(a=1)(s-1)

the testing of overall differences between itreatments
to be made but not for tresatment within square. Since

the overall differences beitween treatments may be non-

possibility.

The classification of coumponents of variance is

@
.
[

ashown in Tabl




TABLE 10:

Analysis of Variancs
(Treatments fixed, periocds and

.
covs sg randowm variable

Sources of a.rfr.
Variation

Hean Couwponents
sguare

(s=1) M3 6% +_ ab"P(8) + _abC(s)
Y 2:ifc e
-+ OTA + a0

Cows within

< 15 /-2 N f"2 (ST

Square s(a-1) HC 167 + ab“C(8)

Periods within 5 5

Sguar s{a-1) P 167 + ab“P(8)

Treatument 5 5

within Square s{a-1) A 6% + ab"A(8)
'

¥ g e Z

Lrror s(a=1)(a=-2)] um |6

The uged for testing the

differences between treatments within square.

Po= i\iA/ ME

n, = S(a-1)(a=2)
This method was used for testing the differesuces

between treatuments for wmilk yield,

milk-fat content and and yield.

Hlone of the treatwent differences, except that for
SHE contents of milk within sgquare, were found %o be
significant, hence the analysis of varvriance for SHF

only is given in Appendix
An observation of the intake

existence of difference between periods within treat-

ments. To ibility statistically a




separate analysis as outlined by Kempthorne (1952) for

a hierarchal classification was carried out. Table 11
shows the components of variance.
TABLE 11: Analysis of Variance
(Treatment fixed, days, cows and periods
as random variables)
. N [
Source of d.fr. Hean Components
Variliation Sguare
. A 2 2 2
Treatments (a=1) MA 6% + 6°D + d6°C +
cd62B + bedbZA
Period within o 5 5
treatment a(b-1) MB 6% + 6°D + A6°C +
cd6°B
Days within ) 5 5 5
period ab(c-1) MC 6% + 6D + ab“c
Cows within 5 5
period abe(d-1) 1D 5% + 6°D
The testing was carried out as under:-

Treatment

Period within treatment

= 1iA/NB

a(b=-1)

MB/1C
a(b-1)
ab(c-1)
MG/
ab(c-1)

abe(a-1)
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Missing plots -~

e

3
hYe

Using missing plot techniques of Snedicor (loc.cit.

values of 1lntake and wilk yield for following cows were

calculaved: ~

Intake ~ Cow 111 - day 6 and 7 of Period 1.
Milk yield - Cow 111 - day 6 and 7 of Period 1,

and day 5 of

I
o
s}

<
=
O
b
]
€]
w3
f-—J
Q
joX
N

Cow 35

Cow 36 — day 10 of preliminary period.

]

9

~J

~J
I

day 5 of preliminary period.
The error and ftotal d.f. was reduced by one for each

h

wissing plot in analysing the differences in wmilk yield
due to days in preliminary period and differcnces in
intake due to periods within treatments.

Digegtibility -

Differences in digestibility of CM between treat-
ments and periods were examined by analyses of
variance (Snedecor, loc.cit.).

Relationghin between feed intake and animal production -

The experiment was not designed to yield data for ex-
amination of the relationship hetween live-weight and

intake or milk yield and intake, and the data avallable

=5

have limitations for this purpose. However, grapns were

3

made and examined initislly and the relationships which
appeared clearvest were examined one gtage further by
calculating wmultiple regression.

o

The relationship between

rte

nitial live-weight (L.W.taken



PCH yisld, and food

71

at the end of the preliminary period or beginning of

ntal period) together with the L% FCU

o
oy
¢}
D
i
]
]
w3

1o
5
9]
)

vield (wmean of the three periods) and the total DOM

intake {(mean of the three periods) was measured by

multiple regression technique of Snedicor (19561).

Multiple correlation coefficient waes also calculated

ot

-t

to measure tota elationship between live-weight,

Hh

ake (Snedicor, 19L5).

st
c-E-

[

Y
The use of total intake was satisfactory in that
each cow had received each treatment, but less so in

that they had the treatments at different times

(periods), so that the response t0 a particular treatuent

..'0

be affected by the peri in which it was applied.

.')

£ data, diffewrenceg in milk

O

In this simple examination
yields of cows were ignhored.

RESULTS

F:Lj

Feeds

Botanical composgition of pasture -

Table 12 shows that pasture consisted mainly of 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
yvorkshire fog as the season advanced although the!:

ffects were confounded by the use of different areas

from the two locations, i.e. lo. 1 and 3 Dairy Units.




TABLE 12:

Botanical Couposition of Pasgture

(Figures as % oven dried samples)

72

Species Preliminary | Period | Period | Period
Perio 1 z 3

Ryegrass species

(Lolium sp) 3.5 L8.0o 37.0 L6.0
White clover

(Trifolium repens) 22.5 12.0 15.0 29.6
Cocksfoot

(Dactylis glomerata L.) 12.7 3.1 9.5 5.2
Pos species

(Poa species) 8.2 1L.0 10.5 3.5
Yorkshire fog

- . - 3\ —

(Holcus ilanatus L.) 12.5 7.5 9.9 e}

Others@ 9.6 154.8 17.7 11.7

a -+

Include - Timothy (Phleum pratense); Sweet Vernal

(Anthoxonthum odoratum); Goose Grass (Bromus mollis);

Dogtail (Cynasurus cristatus); Brown top (Agrostis

tenuis) and .eeds.

(11)

Chemical coumposition of feeds -

The chewmical composition and DM content of pasture

and concentrates are given in Table 13.

TABLE 13:

(Figures as ¢

~F
4

Chemical Composition of Feeds

oven dried samples)

Crude Crude | &ther Ash Hitrogen-{ D of
Protein | Fibre | Bxtract free Feeds
Gxtract Fed
Pasture
Preliminary
Period 21.96 21.05 5.52 10.15 L1.33 14.87
Period 1 20.33 22 .1l 5.02 10.36 L2.05 1L.9
Period 2 18.L2 121.78 1 3.31 9.L3| L7.06 15.70
Period 3 17.89 [ 23.271 2.79 9.20 1 L6.75 17.60
Concentrates
Period 1 13.35 7.15 3.07 3.73 72.70 88.30
Period 2 1h.33 7.7 2.40 3.57 1 72.54 86.70
Period 3 14,27 7.21 2.75 L.29 70.55 8§9.10




The chemical composiiion of
ilar in the three periods of
content of pasture increased with the
Increases in crude fibre and
and ether extract took place

Apparent digestibility of

"Apparent digestibility', for sake

hereafter he called digestibility.

Since there were three int

4

for cows (section 3.1.2) and
(section 3.1.9

data of collection periods 2

b

the experiment.

with the advance in

) in digestibility study with sheep,

concentrates was sim-

The DM

advance in season.

decreases 1in crude protein

time.

of brevity, will

ake coulparison periods

our collection periods

the

and 3 were combined.

The results for digestibility of feeds for treat-
ments and periods are summarised in Table 1h.
TARLE 1L Apparant Digestibility of ﬁeeds
(Digestible Organic Matter %)
Treatments A B S.a. C.V. Significance
(Pasture)| (Pasture (%) of difference
5 Lol
+ Concen— (Treatments)
trates)
Peri -
foriods 79.6 79.1 +0.8L | 1.87 NS
2 76.7 76.5 +0.74 1.62 NS
3 7h.7 75.1 +1.70 3.86 IS
(Periods)
SH +0.5 +0. 50
CV (%) C.35 +0.35
Significance
of
gifference 1223 &4 1222 % and 223
(Periods)
B = Sitandard Error of Mean
CV = Coefficient of Variation
A = P<0.05

P
ta ola
S —

P=0.01
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7h

ittlo diffevence in OM digestibility between

treatments was noted. Differences between animals

s

f.-.h

thin treatments were high, the mean variastion for
treatment A and B being 2.4 and L.3 per cent. digest-

h

onovar

fte

ible C units. The h ation in OM digestibility

[N
G2

between sheep for treatment B was wmainly due to sheep
6 which had consistently lower digestibility than the
other two sheep of the same group in gll the three
periods. Likewise the high variation in pasture fed

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

ot
et

lower digestibility values than its two other wmates
of the sawme group. Sheep 3 and 6 were those which had
previously grazed pasture.

Animals

Health -

(..:.

Most of the cows became lame in the first few days
of their introduction to the stall feeding. Lameness
disappeared within two weelks and no further foot
troubles were noted thereafter, the routine of moving
the animals to the sawdust loafing barn sach night
assigting the animals.

Bloat was a problem in the preliminary period, €.2.
3, 5, 6 and 7 October. A drench of 0.75 oz of a
proprietary mixture of "Pluronic LO6L" diluted with
L = 6 oz of water was found to be an effective remedy.
As a precaution the pasture was sprayed with emulsified

light mineral paraffin oil before feeding throughout




the exXperiment. HNo case of bloat was noted during the
experimental periods.

Despite the gradual introduction of cows to con-
cantrate feeding some initial difficulity was
experienced 1n waintaining intake during the change-
over between periods. This was particularly noticeable
with treatwment C and occurred eveun when animals were

changed from B to C treatment.

(i1) Live-weights -
The live-weights of the cows taken after a 1L-hr
fast at the beginning and/or end of each period of the
Latin squares are summarised in Table 15,
TABLE 15: Live~ﬁeight51 (Eg)

Cow | Preliwminary Period 1 Period 2 Period 3 Gain in
No. | Period Weight
5 %10.6 325.2 332 .0 34.0.1 29.5
36 3L9.2 365.5 375.0 380.9 31.7
L5 256.2 269.4 273.5 288.9 32.7
77 300.2 306.5 309.7 319.3 19.1
78 289.8 296.1 302.9 312.9 23.1
82 37.5 322.4 332.4 339.2 21.7
67 z2L.7 331.5 341 .9 352.8 28.1
95 320.2 52700 5&'3‘5 55649 36'7

111 301 .1 312.5 329.2 335.6 3L.5

1. Taken at

the end of each period.

A1l animals gained weight during the experiment

with the total gain in welght from period 1 fto 3

varying from 19.0 - 37.0 Kg (mean 28.5 Kg). The

average gain/day was 0.5 Kg/cow. There was no
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congistent pattern in weight gains with... periods, as

some animals gained more weight during period 1 and

others
The
period

weight

(Appendix 6a). I

either during periods 2 or 3.

=
-ty
[

e cts of treatments on live-welght gains per

are summarised in Table 16. Differences in

in between treatuments were non-significant

£3

igh ¢ ficient of variation and

Pisd

ard errors are assoclated with treatment mesns.

TABLE 163 Bffect of Treatments on Live-Weight Gain
(Weights - Xg/cow/period)
D' rreatment | Weight gain g8.E. C.V. | Significance
(Kg) (%) of difference
A 9.6 +0. 51 15.75
B 8.9 +0. 51 15.75 NS
c 10.1 +0. 51 15.75
A = Pasture ad 1ib.
B = Pasture 11b + 2.7 Kg concentrates

C = Pasture gg 1ib.+ L.0 Kg concentrates
S.4. = Standard evror of wean

D
/4
-\,
{1

Coefficient of Variation

3.20%. Preliminary Period

P
f~to
St

The

D intake -

ko] » e

mean DM intake of pasture duving this period

was 10,1 Kg (8.5 - 11.5 Kg)/cow/day (Table 17).

Diffe

rence in DIl intake between cows and between days

were highly significant (P«0.01) (Appendix 6Db).

There was 1little increase in DM intake over the pre—

liminary period suggesting that animals had become

accustomed to indoor feeding conditions.




(1i) Milk production -

Table 17 shows the wmean milk vield, wmilk-fat and
SHE contents of individual cows. Differences
between cows were highly significant (P<0.01) but
between days were non-significant (Appendix 7).
TABLIE 17: Preliminary Period - Milk Production

and Food Intake

Cow Milk Yield Milk Fat SHE Content D Intake
No. ontent
(xg) () (%) (xg)
35 15.7 L.61 8.87 10.4
36 15.0 Lh.67 9.13 10.3
L5 12.6 L.05 .63 8.5
77 Thol L, 28 9.18 9.8
78 12.71 5.56 9.hL8 9.6
g2 18.2 5.21 9,26 M1.5
87 121 65.10 9.23% 9.3
95K 14,8 5,86 &.90 10.6
111 131 B L2 9.72 11.0
Mean 1h.2 5,104 9.16 10.1
SE +0.27 +0.14 +0.17 +0.27
CV(%) 5.9 L.66 5.27 8.0
SH = Standard Zrror of Hean
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Bxperimental Period

The refusals of pasture DM were 12.0, 17.7 and

o3

19,.%% of pasture DU consumed on treatuents A, B and

refus indicated

7

¢
(U

&
w

C, respectively. The amount beilung

that cows were fed 1 petite.

O
W

The aversge quantitiss of both pasture and ftotal
(pesture + concentrate) DIl intake/cow/day are shown in
figures 3, L and 5 and Table 18 for each treatment.
The total Qﬁ and DOM intske of cows fed concentrates

was significantly higher (P« 0.01) than cows fed

between the two levels of concentrate were small and

non-significant (Appendix 8). The mean per cent. in-

8
pasture Dil and DOM intake (P<0.01)
he average decrease in DM being 0.63 and

0.66 Kg/¥g concentrate DM consumed in treatment B and
C respectively. DLx¥pressed in terms of percentage, the
pasture consumption was decreased on an average by 17%

and 11%, respectively, in treatment C and B compared

Q
L}

with A (Table 19). The range in coefficient

ot

take was 3.0 = L.0%.

.,

within square both for

intake ave summarised in
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Teble 20. It will be noted that these were small and
sicnificant at the 10% but not at the 5% level
(4ppendix 8), the range in coefficient of variance

e

being 2.3 - 3.5%. Figures 3, L and 5 show that DI

intake of cows fed pasturse slons (Treatnent A) ig=-

;

creased from period 1 to period 3 and pasture DU

B and C reuained fairly

IE
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[ d
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ot
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ot
o

an

gy

ntake o

fte

periods. To detect difference,

g
]
[
o

similar over the th
if any,between periods within treatment a separate
analysis was carried out (section 3.1.12) which re-
vealed highly significant (P<0.01) differences between
periods (Appendix 10). TFurther analysis showed that

DI intake of pasture in periods 2 and 3 was significant-

1y higher (P<0.01) than periocd 1, but the difference

l-&_)

between periods 2 and 3 were small and non-significant.
No differences in pasture DM intake between periods
within treatments B and C were found.

Because of the increase in the intake of the pasturve
DIl (Treatment A) over the experiment, a variation in
the extent of substitution between periods was noted,
the amount of pasture DI substituted/Xg concentrate
DM consumed increasing from about O.L Kg in period 1
to 0.9 Kg in period 3. Likewise the changing pattern

substitution between periods was reflected in the

[

o)
greater total (Pasture + concentrate) Dl intake over
that of pasture intake in period 1 coupared with

periods 2 and 3 {(Table 19).
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Pigure 6 illustrates the daily DOM intake for each
treatment over the three periods of Latin sguare. It
will be noted that the DOM inteke between periods
within treatments is falirly similavr, though differ-
ences between concentrate and non-councentrate fed
groups were obvious.

Pigures 3, L and 5 illustrate the DM intake/cow
for each treatment in period 1, 2 and 3, respectively.
Depressions in intake on introduction to concentrate
particularly on treatment C, are noticeable
during each adjustwment periocd., The figures also
demongtrate a variation in intake between days within
each period. Oun 30/1 day of the comparison period 3
the D intake of pasture was considerably low. This
depression was agsoclated with the pasture from a new
paddock contaminated with dung and weeds and was umore
mature than the pasture normally available. The intake
data of this day were omitted from calculations.

Differences in total daily DIl and DOM intake bhetween

cows within squares were highly significant (P<0.01)

(Appendix 8), the range being 12.4 - 1L.9 Kg for DM
and 9.1 -~ 10.5 Kg for DOM intake (App ix 1L). Differ-

ences between squares were small and non-significant.




TABLE 18

(3]

Effect of Treatuments on Food Intake

(Kg/cow/day)
Treatments A B C SE CV\ Significance
(%) of
difference
Dry lMatter
Pasture 13.2111.7] 10.9 | +0.15] 3.8 | (A Vs B & C =%
- (B Vs C %
Total (Pasture
+ Conceuntrates) 13.2 | 14.0| 1.y | +0.15) 3.2 | (A Vs B & C #%
(B Vs C S
Digestible
Organic latter
(Do)
Pasture 9.1 8.1 7.6 | +0. 11 L.o1 (A Vs B &C
B (B Vs C :
Total (Pasture
+ Concentrates) 9.1 1 9.9{10.3 | +0.11 | 3.5 | (A Vs B & C #=
(B Vs C s
Total Dl intake
as per cent.
live-weight LoOS | L3t L L7
A = Pasture ad.lib.
B = Pasture ad.lib. + 2.7 Kg concentrate
C = Pasture ad.lib. + WO Kg concentrate
# = PL0.05
wE o= P<(0,01
N8 = Non-significant (P>0.05)
SE = Standard error of mean
CV = Coefficient of wvariation




TABLE 19 Extent of Changes in Intake Due to
Concentrate Feeding
(Kg/cow/day)
Periods Within Treatments 1 2 3 Mean
Pasture DM Intake A 12.34 4 13.4L | 13.75 1 13.18
B 11 .46 11.98 11.62 11.69
C 10.89 10.91 10.86 10.89
Congentrate DM Intakel A - - - -
B 210 2.38 2.32 2.37
C 3.Lh5 3.50 301 3.5
Total DM Intake A 1230 13.LL 13.75 13%.18
B 1%.86 10h.36 1%.94 1L.05
C 1h.3h 1h.lb 1h.27 1h.35
Net Substitution
of Pasture DU B 0.88 1.6 2.13 1.L9
C 145 2653 2.89 2.29
Kg Pasture DM sub- B 0.367 0.613 0.918 0.633
stituted per Kg ) -
concentrates Intake C 0.420 0.715 0.8h7 0.661
Per cent. substit- B 7.13% 10.86 15.49 11 .16
ution of Pasture ~
DI Tntake c 11.75 18.82 21,02 17.19
Het Increase in B 1.52 0.92 0.18 0.88
Total DM Intake by 4
using Concentrates © 2.00 Lot 0.52 1.18
Per cent. Increase B 12,32 6.84L 1.38 65.85
in D over Pasturs
Dif Tntake C 16,21 7.5 3.78 9.17
A = DPasture gg.lib.
B = Pasture ad.lib. + 2.7 Kg concentrate
C = Pasture ad.lib. + L.0 Xg concentrate




TABLE 20:

Effect of Periods on Food Intake

(Kg/cow/day)
Periods within 1 2 3 S Cv. Significance
Squares (%) of
difference
Dry Matter! Square
Pasture 1131111 | 1101 +£0.23 | 3.L6
t1.0(12. 41 12.11+0.23} 3.30 3, 2221 +
T 12.L 112,91 12.8 +0.23 | 3.07
Mean 1M1.6 1121 11241
Total 13.2113.01 13.31+0.23 1 2.96
13.0 | 1L.3 | 14.01+0.23 | 2.83 2, 371 «+
11T 13.3114L.9 | 1L.7]+0.23 2.66
Hean 13.5114.0 1 14.0
Digestible
Organic
Katter
Pasture 8.0 7.71 7.8{+0.171 3.57
7.8 8.6 8.21+0.17 | 3.41
I 8.8 9.0 8.7{+0.17 1 3.18
ean 8.2 8.4 8.2
Total 9.5 g.2 9.21+0.1L | 2.58 12 4
9.4 1 10,1 Q. 71+0.1L | 2.7 2>1, 3 +
III 103 110.5 | 10.1+0.1L | 2,33
WMean S.7 9.9 9.7
SHE = Standard evrror of mean
CV = CQCoefficient of variation
+ = Pz0.10
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(a) Milk yield and FC yield - The mean daily milk and

L% FCIl yields/cow for each treatment ave given in
Table 21. Differences in milk and FCH yields beilween
treatments were small and non-significant (Appendix 11).

The range in coefficient of variation was 3.9 - 5.2%.

The milk yield declined steadily from period 1 to

ad

period 3 (Table 22). The differences betwesn periods
within squares were highly significant (P<0.01)
(Appendix 11). The significance of difference for
individual periods within squares are shown in Table 22.

The range for coefficient of variation was between 1.8

~ 3%,6%., Unlike milk yield, differences in PCM eld
between periods within squares were non-significant

Differences in both milk and FCH yields between
sguares were non-significant but between cows within
squares were highly significant (P<0.01) (Appendix 11)
The range in wilk and PCU yields were 13.0 - 17.7 and

1

Ut

.0 - 20.0 Kg/cow/day, respectively (Appendix 15).
The milk yield on 2 Decewber of period 3 was con-

t

siderably lower because of drop in previous day's

intake (section 3.2.4(i'). The data for milk yield
wes, 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 content of treatments B and




C were lower by 0.11 and 0.13 percentage units compared
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with A, the differveunces did n
(P>0.05) (4ppendiz 12a). The coefficient of variation

was 5.1% for the treatments. Differences in wmilk fat

vield between treatments were also non-significant with
the coefficient of variation being 6.7% (Appendix 13).

The wmilk fat contents rose with the advance in stage

0Q

of lactation and on analysis significant differvences
(P<0.05) between periods within squares were noted
(Appendix 12a). The milk fat contents in period 3 were
higher than periods 2 and 1 and were also higher in
period 2 than 1. The significance of differences is
shown in Table 22. Unlike milk fat content, differences
in fat yield between periods within sgquare were small
and non-gignificant.
ilk fat contents varied from L.70 - 6.0L% between
cows resulting in highly significant (P<0.01) differ-
ences between cows within square. Likewise, differences
yield between cows were also highly
significant (P<<0.01) (Appendix 13), the range being
709.0 - 862.3 g/cow/day (Appendix 15). Differences in

milk fat contents and yields between squares were non-
£

(c) SHF contfent and yield - The results of SIF contents

and yields for each treatment are included in Table 21.
The wmilk of the cows receiving L Kg concenirates was

slightly higher in SHEF than those on pasture aloune.
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Thege differences between treatments, however, were
small and unon-significant (Appendix 12b). A separate
analysis was carrvied out to detect 1f there were
differences between treatments within square which re-
vealed a significant difference (PL0.05) (Appendix
12¢). Further analysis showed that this differvence was
wholly due to treatment C of Square III only (sse
Teble 21). GHxaminations of original data further ve-
vealed that the difference was mainly due to an un-
ugsually high B8TF value of the wilk of one cow in the
gsecond period. No appreciable difference in SHF yield
bBetween treatuments existed.

Differences in SUE content between periods within
squares were significant (P<0.05) (Appendix 12b). The
least significant difference (LSD) test showed that the
significant difference was due to an unusually low SNE
value in period 1 of square II (Table 22). Examination
of original data showed that the low SNF value was re-
lated to the milk of cows No L5 and 35 in period 1.
Differences in SHF yield between periods within square
were significant (PL0.5). The significance of differ-
ences for periods is iuvcluded in Table 22,

Differences in SHY content and yields between squarss

were non-significant, but highly significant (P£ 0.01)
between cows within square (Appendix 12b, 13b). The

ranges between cowsg in SHF yileld and contents are in-

cluded in Appendix 15.




TABLE 21: LZffect of Treatments on Hilk Production

(

s

er/cow/day)

Treatments A B c SE cv 5
(%) | ca
ai

Milk Yielad

(Kg) 1h.2 14.8 1h.h 1+0.19) 3.92
L7 ¥CU yield )

(Kg) 16.8 17.3 16.7 {+0.30| 5.24
Milk fat )
Content (%) 5. 31 5.20 5.18 | +0.08] 5.11
Milk fat '
yield (g) 74L6 .1 752 .1 733.86 | +16.0 6.69
SHE Content

(%) 9.45 9. 51 9.62 |+0.05] 1.75

(g)  11339.8 M401.0 [1386.9 [+19.0] 3.85

SHE Content (%)
For treatment
within square

T 9.6L 9.69 | 9.63 |+0.05/0.922
TI 9,22 9.26 9.39 |+0.05|0.988
TIT 9.50 | 9.59 9.84 |+0.05{0.908 | C= A

A = Pasture ad.lib.

B = Pasture ad.lib. + 2.7 Kg concentrate
C = Pasture ad.lib. + 4.0 Kg concentrate
SE = GStandard error of mean

CV = Coefficient of variation

P<0.05




TARLE 22: Lffects of Periods on Milk Production
(Per cow/day)
Period within 1 2 3 SHE cv Signifi-
Square (%) cance of
difference
Sguare
Milk yield I 12.9 12.6 12.7 +0.271 3.57 1= 2
(Xg) 1>3:
T 14,9 1h.h| 13.6]+0.27] 3.22| 1 >3 *
LIL 17.3] 16.0} 15.L{+0.27] 2.8L| 1 =2 =
1> 3 s
Hean J{E.B ’JEL%-QB 15.7
Milk-fat I 5.57 5.66| 5.921+0.08] 2.45] 3>1 *#
Conteng
(% TT L.78| L.83| 5.05[{+0.08| 2.45
11T .79 5.26 5.18 +0.081 2.451 31
2 =1
Hean 5.05 5.25 5.38
SIEF Con- I 9.591 9.75! 9.61+0.05/0.922
tent (%)
I 5.05 9.4 9.37{+0.05 0.958| 2, 3>1
TII 9.60| 9.621 9.65(+0.050.923
Mean 9.1 9.52 9.54L
SHE yield I 1215.3 11231 .711165.3(+29.0] L.03| 1>3 *
AR Y -
\EJ
II |1354.3113656.0/1275.0[+29.0| 3.75
11z 16L5.7 11535.0 1L8L.7 +29.0| 3.21) 1> 3, 2 ¢
Mean 1Ll .8 11 377.611308.3
# = P<L0.05
:%iy? = Pé—-OeO,}

SE = Standard errvor of wesan
cv Coefficient of Variation

{

i1
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Relationshin between feed intake and animsl pnroduction -

The relationships among the variables (DOM inta
live-weight and FCM yield) are shown in

figure.

The calculation of multiple regression eguation
revealed that partial regression coefficient of DOM I
on live-weight was not significant (P>0.05) but +that

endix 16). The multiple

o)
=
Farf
e

o
H
®
‘...J
o
vy}
73
o~
g
o
L3
O
—
pa—
o~
P,

A
y
T3

ko]
i)

regression equation obtalned is giveun below:
DOM I = 2.743 + 0.0057 LW + 0.3108 FCM +0.138
Further analyses of data showed that the independent

ight and milk yield were falrly

o

variables, live-

q

strongly corvelated (

e

= 0.58). Milk yield had a strong

direct relationship with DOM intake (partial

(regression
= 0.788) and a weak indirect one (0.5829 x 0.2108 =
0.123).

Live-weight showed a weaker dirvect velationship with

DOM I (partisl regression = 0.211) and an indirect
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relatio (0.5829 x 0.7880 = 0.L59) which was
th

- T

greater thea irect one. When both independent

o]

variagbles were included, with a wmultiple regression

equation (see above), the relatiounship between live-

weight and DOM I was not significant, most of the

variance in food intake being accounted for by the

relationship with milk yield. Thus about 1L% ang 72%

of the total variatlion in food intake was related tc

variation in live-weight and wmilk yield, respectively.
3.2.5. Rumen VEAs, pH and Ammonia

The proportion of VFAs, total VFA concentrations, rumen

ammonia levels and rumen pi are summarised in Table 23. Differ-
ences in these values between pasture and pasture + concentrate

on is

fte

fed znimals were small and high coefficient of variat

assoclated with mean valuss.




MOATIT I e s FR
ABLE 23: anffect

of Tresatments on Rumen VFAs,

pH and Ammonia

Ttem Pagture + Pasture
Concentrates
Mean SE v Hean SE cv

A, Proportions of

VEAs

Acetic Acid 69.1 | +0:37) 2.25 69.9| +0.28 1.70

Propionic Acid 17.4 0 +0.32) 7.70 17.1 1 +0.2L 5.91

Butyric Acid 13.5} +0.21 5.70 13.0] +0.23 7.54
B. VFA Concen-

tration

{mg/ﬁOO ml)

Agcetic Acid 9.40 | +0.22(10.10 9.07 | +0.2L [11.47

Propionic Acid 2.3%6 +0.09115.25 2.231 +0.06 | 11.21

Butyric Acid 1.8L | +0.05112.50 1.717 1 +0.05 {13.0L5

Total 13,61

C. Rumen Ammonis

(mg/100 wml) 32,91 +1.67121.49 1 35.41 +1.90 | 22.74h
D. Rumen pH 6.0} +0.0L] 3.5 6.20| +0.06 3.87




Figure 7 illustrates the excretion of steained pasture
and concentrate particles for each treatment. There appears

Jh S .
:

to he no appreciable differences between

The "RY" values of pasture for animals were variable

and no consistent differsnces between treatments occurred.
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Table 2L shows that differences in "RY value
levels of concentrates fed were large. The valuss for rumen
retention time are also included in Table 2L. There is soume

indication that pasture digesta on treafment C passed faster

o

from reticulo-rumen than on treatment B which in turn passed
fester than trestment A. The differences between cows were

large =znd appearcd to be relaeted with total intake. Like
mean retention time, the rumen retention ftime of high level
of concentrates was shorter than low level of conceuntrate fe
The resulles as a whole clearly demonsirate that the rate of
passage of 1the concentrate was faster than that of pasture

both from the rumen and the whole gut.
o
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TABLE 2L:

Rate of Passage of Feeds

Cow | Treat-] Body~ Food Pasture Conceuntrates
Wo. | ment Weight | Intake
(Kg) (Kg DI/ | llean Reten~- | Rumen Reteun~ | lean Reten~ | llean Reten-
day) tion time tion time #* tion time tion time¥®
o “R” HR”
(hrs) (hrs) (hrs) {hrs)
&2 A 227 14,6 L5 6L.0
95 A 355 1h.2 38.5 53!
Hean Th.ly L1.0 58.7
35 B 328 .9 L2 . L 52.0 33.8 35.5
78 B 302 1205 .).1‘5-»7 59-5 :)Ji ‘7 37):?.},0
Mean LL.o 55.7 32.7 3.7
L5 c 272 1731 L2.,0 55.0 20.7 22.0
87 C 357 15‘0 37‘7 14500 25*7 3.1 'O
Mean 114.00 5908 5OQO 2507 26.5

After Balch (1950)

sl ale
G

After Castle (1956)

O
o




el DISCUSEION
2,351, Expervimental Desgign

Latin sguare change—over designs provide. a satig-
factory technigue in catile experiments in thet variation
due to animals and time can be eliminated, In this experi-
ment variation caused by differvences in intake beitween cows
and changes in stage of growth of pasture were removed. In

ddition it enabled the effects of a concentrate supplement

on milk production to bhe studied without the confounding

=
et

effects of stage of lactation. The wain limitation of the

design is the difficulty of eliminating the residual (carry—

5

hough the use of extra period in the des

e
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of Lucas (1957) allows an estimate to be made of residual
effects. However, this design was not possible under the
circumstances of the present experiment. Several workers have
used a change-over period varying from L4 - 7 days between two
periods to lessen the carry-over effects, e.g. Corbett and

Boyne (1958), Holmes et.al. (1950), Castle et.al. (1950),

P et e
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1
o

Sphar et._al. (1966) and MurdocK end Hodgson (1967).
day change-over (ad] nent) period was used in the present
experiment to keep carry-over effects to a wminimum. Although

supplewenting pasture with concentrates had no apprecilable

effect on milk yield, the introduction of the concentrates was

'y loss in appetite during ths change-
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agsociated wi
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over periods. This depression 1n intake resulted in lowering

[}

of wmilk yield, particularly in treatwment C. ©Swmall depressious

ES

in wilk yield were algo associated with the restriction in

o
s
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od intake before weighing, at the beginuning of each period.
However, the milk yileld practically rescovered by the eund of

hange-over (adjustment) periods and it is unlikely that

fax
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this temporary reduction in milk yield could have led to a
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significant carry-over effect. This assumption is su

by the results of Munford gh.al. (196L) and Flux and Patchell
(1957) who noted almost no carry-over effects following
starvation for 14 hr, and underfeeding for 5 days, respectively.

3.3.2. Feeds

(i} DBotanical coumposition of pagture -

Rye grass varieties and white clovey formed the
major components of the mixed pasture used in the
thres periods. The only consistent change in pro-
portions of various pasture specles present, as the
seagon advanced, was that ©
clover increased from period 1 to 3.

(ii) Chemical composition of feeds -

Changes in chemical composition though comparative-

o the changes observed by
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Hutton (1961 ) in that the decline in crude proteir
was ascoclated with an increase in crude fibre and

decrease in ether eXtract. The ash content of the

6

vasture decreased as the season advanced.
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and ash obtained in
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The values
the present experiment were rather higher than those
of Hutton {loc.cit.) but similar to those unoted by

Davey (196L4). The values of crude protein obtained
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were similar to the values reported by Hutton (loc.
cit.) in corresponding wonths, except that crude

od of the eXperiment

fde

rotein in the preliminary per

o]

was relatively higher and wmay hsave been due to high
percentage of clover in that period. Since the
pasture was fairly leafy throughout the experiment
the crude fibre contents were lower than those noted
by Hutton (loc.cit.) and Davey (loc.cit.) during
corresponding months, although Davey reported values
as low as 18.L4% for crude fibre for immaturs pasture.
The wvalues are similar to those reported for mixed
pasture by Wilson (1966). The concentrates fed had a
relatively constant composition during all the three
periods.

Apparent digestibility of feeds -

Since it was not possible to conduct digestibility
studies with cows it was felt with some reservatiouns
that digestibility data obtained with sheep would be

satisfactory. The reservations were (1) the effect

-

of animal species on digestibility and (2) differ-
ences in levels of intake between lactating cows and
the wethers and its posgible effect on digestibility.
In connection with the first objection it is to be
noted that Watson et.2l. (1948) reviewing numerous
experiments carried out during the period from 1890 -

1948, concluded that for all practical purposes any

differences in ablility of sheep and cattle to digest
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food were negligible. Bimilayr observations were also

made by other workers, e.g., Minson (1958) and Jang
et.al. (1962). Regarding reservation (2), Hutton
(1962a) did not find great di rences 1n digestibility

betwesn two groups of cows receiving pasture ad.lib.

Little diffevence in digestibility between
supplemented and non-supplemented groups were noted,
suggesting that the digestion coefficient of the con-

S [ &

e

centrate might have besn similar to that of pasture
g p

The varietion in digestibility between sheep in

present experiment is difficult fto explain. Blaxter
(1962) noted that differences in ability of individuals
to digest food is usually swmall and rarely eXceed one
unit of digestibility. The varistion noted in the
pregsent study appeared to be due mainly to the two
sheep which had been grazing outdoors prior to the
commencement of the experiment, whereas the other four
sheep had been fed a pelleted ration indoors for a
congiderable leungth of time.
Animals
Hegalth -

Apart frowm unavoidable temporary lameness that
developed on introducing the cows to the barn feeding,
all animals remained in good health throughout the

experiment.
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Live-weight -

One of the largest sources of errvor in estimation
of live-weights in dairy cattle feeding eXperiments
is digestive tract £ill. In an attempt to reduce the
influence of this £ill on live-weight the cows were
fasted for 1L hr before weighing. This method hes

been found +to be more accurate than taking a wmean of

ot

.al. (1966). The 1L-hr fasting does not, however,

ensure a measure of true weight of an animal, for

food residues may remain longer than seven days iun the

)
be /o

fote

digestive tract (Blaxter, loc.c
All the cowg gained welght during the exXperimental
period, the average gain in weight being 0.5 Xg/cow/

day. The rate of gain appears to be similar to the
value obtained by Corbett and Boyne (1958) in a similar
5

experiment, BSwmall, but non-significant, differences
P s g 5

veignt gain between treatmeunts were noted.

-

ot
21

in rate of
Thig is pevhaps not surprising because of the cou-
paratively suell differvences in the total intake
between trecatments.

Intake

Preliminary period -

Although considerable diffevences in DI intake
between cows and days were noted, the cows appeared
to be eating to a satisfactory level of intake, eXxcept

for a few days in the preliminary period when some of
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he cows suffered from bloat. The ‘Pluronic L 6LV
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ergent administered appeared to he guite eff

in controlling bloat.

Bxperimental periocd -

(a) General - Several workers have used 10 - 15% feed
refusals as a criterion to ensure ad.lib. intake in
feeding experiments, e.g. Blaxter et.zl. (1961) and
MurdocK and Hodgson (1967). In the present study the
pasture DM refusals varied from 10 - 20% indicating
that the cows were liberally fed.

A large decrease in the intake of both pasture and

N

concentrates occurved when the cows were Ffirvst intro-

duced to concentrate feeding. The decrease was

particularly severe Iin the firvst period when attempis
were wmade to feed treatment C cows up to 5.5 Eg of

concentrates. This problem was not as acute during
change-over pefore couparison periods 2 and 3,

possibly because some of the cows had received concen-

trates in the prsceding period and also the amount on

<
ot

reatment wes reduced to L.O
intake ocgecurred desplte a gradual introduction of

Y oon e oL [
ne gLware of

of total intake within two days following &
concentrate feeding with a gradusl improveuent in

intake over the next four to siz deys. The probleus
of tewporary loss in appetite has also been noted by

-

Sphar et.al. {19566) when concenirates were fed in
I et @




addition to hay and silage. However, the levels of

concentrates fed by these workers were 2 - 3.5 times

were unlikely to be the reason. It is more likely
that problems of adaptation were involved with the
introduction of concentrates resullting in a sudden

change in the rumen microbial eunvironment (Hungate

cows were changed from the B to C treatment, where it

might be expecied that the cows had bescome adapted

concentrate feeding after 18 days on treatment B.

L

¥

I8

Moreover there seewed to be a limit of about L.0O Kg

which serious effects on food intake occurred,.

teyond
Originally it had been planned to feed 55 XKg
concentrates/cow/day in the C treatment, but because

=3

of persistent

foda

ntake probleuws this was reduced to
L.0 Kg/cow/day.

o

A further reason for the loss in appetite may be

foute

the production and accumulation of lactic acid in the

rumen because of the high soluble carbohydrate
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contained in the conceuntrates (Reid egt.al., 1957).

[

Fa)

The data obtained from the four fistulated cows did

O

not indicate, from the limited evidence availlable,
that conditions in the rumen were seversly affected.
There was only a small drop in pH with concentrate
feeding compared with the severe reductions observed
by other worke?s'(Freer and Campling, 1963;
1957 and Hungate gt.2l., 1952). However, fistulated
cows had already bheen adapied to concentrate feeding and
the lack of chauge in ruaen pH and VFA proportions may
not have reflescted the situation in the rumens of cows
experiencing intake depressions in the change-over
period. Further work is indicated as thils could also

be a problem specific to the pasture and concentrate
combination. Castle (Pers Comm.) stated that he had
experienced feeding problems when barley-meal was fed
with pasture, but these problems had disappeared when
rolled barley was fed.

{b) Substitution - To the extent that concentrate

feeding resulied in a depression in the voluntary in-
take of pasture the vesulis arve in general agreement
nd Boyne (1958), Seath

a
2). Reduction in

.

roughage (hay or silage) intak

ake with concentrate feeding

el

et.al. (1 59) and Holder (196
nta

has also been noted by Autrey et.al. (1962), Jeusen

!w

g

et.al. (1942), Reid and Holumes

et

, Holmes egt.al.

1956

1957), Schmidt and Schultz (1959), Holmes et.al.(1960),

P
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Blaxter st.al. (1961), Blaxter and Wilson (1963),

D

Campling and Murdoch (1966) and Murdock and Hodgson

concentrates reported in lifterature varied widely
depending upn the type and quality of basal ration,
the previo&éaan@ current levels of feeding, the type
and level of concentraves and the physiological st
of the animals used (Section 1.1). The mean sub-
stitution of pasture DM by concentrates 1n the present
study was 0.65 Kg/Kg concentrate DM consumed. This
value isg similar to that obtelned in eXperiments by

Reid and Holmes (1956), Holmes et.al. (1957) and

The extent of substitution in period 1, when
digestibility of pasture was higher was less than 1in
periocd 2 or 3, when digestibility was lower. The

gults do not support the conclusion of Blaxter gi.
(1961 ) who noted greater substitution with higher
guality roughsasge, although the substitution value in

seriod 3 obtalned in present eXpeviment was only

sligntly lower than that noted for similar digesi-

using wethers. The results are in line with Reid

(1956) general counclusion that substitution is




inversely related to digestibility. However, Reid's

observations were wade with feeds of lower digest-

i3

ibility such as hay and silage. lacLusky {(loc.cit.),
lactating cows grazing pasture, noted s greater
substitution in period 3 snd L of his eXperiment when
pasture was maturve compared with period 1 or 2, when

relatively lealy growth was avallasble for grazing.

d that

h,
c:{-
D

cited by Autrey et.al., 19L2) repo

where cattle were accustiomed to eating large guantities

of roughage, grain added to the ration replaced by

for some time. Complete one for oue substi
did not occcur in the present eXperimenit. It 1ls pogsible
that if the experiment had besn continued longer, then

1 ¢ 1 substitution for pasture by concentrates might
have occurred, as values close %o the 0.9 Kg/Kg were

P

o posgible that cows

vl

1
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obtained in the period 3. It

-
)
.

fed pasture alone (treatment 4) increased their DU
intaeke over the experiment because they were still
adapting to indoor feeding conditions. However, in view

Hutton (1962b), Trimberger
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et.al. (1962) and Johnson et.2l. (1966), the increased
intake of pasture could have heen associated with the
han adaptation and the

increase in intake way reflect increases in gut

capacity as lactatioun advanced (Fell and Campbell,?96L).

Change in the intake of cows recelving concentrates




were suwall between periods, which 1s contrary ito the

ndocoy conditions wmentioned
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A gbove. It is also unlikely that in-
creasing intske of pasture on treatment A could have
1

been because of changes in D of pasture that cccurred

(unpublished) found
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‘e depression in hay

intake when conceantrates were fed to cows in terms of

gut. His results suggest that physical capacity of
the gut wag limiting the voluntary intake of hay. Ino

in rate of passage of pasture digesta (fig.7) or mesa

retention time (R) between groups fed concentrate and

non-concentrate were obhserved., This

limiting the intake of pasture when concentrates wer

0]

to carry out rate of passage
studies of the pasture in the present experiment,

however, may well be questioned, for it involved

in material counsiderably different from the originsl
fresh pasture. VWhether this waterial passed through

the digestive tract st the same rvate as pasture did is

a matter of speculation and requires further investigation.




he gut was considerably

that of diets such as hay or straws

e

(Balch, 1965). Coumparatively shorter mean reteniion

cr

times have been noted for high digestibility fes

(a3
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by
Blaxter (1962). The shorter mean retention time of
concentrate may have been because of the swmell particle

size which pass faster from the retlculo-rumen in
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corn than hay when both were fed in various coubin-
atiouns.

(c) Total intake - Since substituition of concentrate

1 e~

pasture was not complete the totael DM intake of

o

cows fed concentrates was significantly higher than
those receiving pasture alone. Increases in ftotal

intake as a consequence of coucentrate feeding has

-

been noted by many workers (see table 2). The in-

crease 1in total D¥ intake in the present experiment

was, however, comparatively small. Non-significant

differences in total DU between the groups fed
two levels of concentiraltes were noted. The increase
in total DI intake in favour of concentrate fed groups
may have been because of the faster disappearance of
congentrate digesta from the reticulo-rumen and the

whole gut (Teble 2L). Thus faster rate of passage of

the concentraite may allow the animal to sat more by
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decreasing rumen load.
The total intske of D expressed gs per cent. of

live-weight obtained iu the present experiment is

lactating cows in contrast to a L.0O, L.3 and L.5 g
DuM.intake/100 Kg live-weight on treatment 4, B and
C respectively in the present study. One of the main
reagons for these higher values was the fact that the
animals were fasted for 1h-hr before weighing, leading

to reduced gut £111 and theveforve low live-welghis.

by Hutton et.al. (196L, fig, 1) in one of theirtrials.
Highly significant differeunces existed beitween cows
with respect to forage inteke as measured by DI, DOU
and Dil intake as per cent. of live-weight. These may
he due to the influence of various factors such as milk
yield, live-weight, live-weight changes, concentraie
intake, age, body ccndition, stage of lactation, gut
yr

capaclity and perhsps to inhervent capacity to est

o

(d) DOM intake -~ Although significant differences in

DOV intaske between concentrate and non-concentrate fed

oroups took place, fig. 6 shows that changes in DOM




intaeke between periods within tre satments were small.
Alsoc the differesnces in DOM intake between trestment

B and C were small and non-significant. It is

possible that cows were eatlting Lo a counstant DO in-

ramen does not Limit the voluntary intske of animals
receiving high concentrate : hay ratios {(Conrad et.al.,

F i oy v - T iy 23 A o 1 sl S
196L; lontgomery and Baumgradt, 1965). Tt was

.

suggested that factors such as gut capacity ceased to
be limiting when the digestibility of ration was

around 65% - 70% and that at this level physiological

of feeds in the present experiment was higher than 70%
and it 1s possible that physioclogical factors were
limiting intake. This may be true for concentrate fed
gows, but the fact that D intake of cows fed pasture

alone (Treatment A) increased with advance in stage of

lactation suggests that gut capacity wmay have limized
the voluntary intake of these cows (see page 108).

That pasture DOM intake of cows on treatment A, how-

cleay insight into the wmechanisms of appetite control

. -

under the preseunt expsrimental conditions.




11

Milk Production

Milk yield -~

3

The supplementing of pssture with concentrates has

been shown to have varliable effects on milk yield.

e.g. Castle et.al. (196L) found +that concentrate fee

ing made no differvence in wmilk yield of cows grazing

ample pasture. On the other hand, considerable in-
reases in milk yield have been reported by Wallace

1957); iEdey (1956); Hancock (1953) and Laird and

PN

\_ﬂ

Jalker (1962) when up to Lh.7 Kg of conceutrates were
fed to cows grazing outdoors. In some other ex-~

5T

periments either small (Corbett and Boyne, 1958;

-t

Castle et.al, 1960; Pairbairn and Rickaby, 1966; Woo

1966) or variable (Shepherd, 1962) increases in wmilk

vield have been noted in resgponse to concenitrate fee

ing. In the present experiment concentrate feeding

1little effect on milk yield., The resulits arse in

fde

agreement with those of Castle et.zl. (196L) and in

cgeneral also confirm the results of two short-term

1

experiments carried out by Davey (unpublished) in

which only a swmall increase in wmilk yisld was obiain

with concentrate feeding. One reasgon for this lack
response was demonstrated in the present experiment

1

C‘f‘

hat under liberal pasture feeding conditions sub-

stitution of pasture by concsotrates occurs. It is

iy

o

difficult to understand the results Wallace's and
AZdey's experiments where under ample pasture feeding

had




a comparatively large respouse to concentrates was

As expected, the milk yield declined with advance

in stage of lactation. The L% yield Aid not show auny
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vield was associated with increase in wilk fat conbeni.

e

Milk-fat content and yield -

Cencentrate feeding may affect fthe fat content of

&)

ilk in two ways. Firstly, = specific effect result-
ing in a decrease in milk-fat content associated

ugually with a relatively narvow zcetate to propionate
ratio in the rumen liquor of concentrate fed animals

(Balch, 1955a; Rook, 1961; Rook and Balch, 1951; Shaw,

<, 1963). Secondly, by increasing
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shereby increasing the milk
vield with a consequent swmall decrease in wmilk-fa
content (Burt, 1957c; Rook, 1961 and Llliot, 1962).
In the present expsriment since there was neither any
appreciable effect on VFA proportions in the rumen
liguor nor on milk yield, the small effect on wmilk fat
is not surprising. Similar results (Davey, unpublished)
nave been noted in llassey experiments and by Casgtle
et.al. (1950) who found 1little or no change in milk-

fat content of cows fed concenirates.

1

A gradual increase in wmilk-fat content occurred with

advance in lactation, which was reflected in appreciable

-

differences beitween periods. This is a normal

(u
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Since the gradual increase in wmilk fat accompanied
the decline in wilk yield the wilk fat yield did noi
vary significently between periods. HNo effect of
concentrate feeding on wmilk-fat yileld was cbserved.

SNE content and yvield -
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Small or no increasges in SHEF content ass a

i

feeding concentrate in addition to bassl ration have
been noted by many workers, e.g. Castle et.al. (1958,
1959, 1951 ), Holmes et.21. (1957, 1960), Huber and
Boman (1966), Hooven et.al. (1963), Rook (1959, 1961).
Although there was an increase of 0.17 per cent. units

L3
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in SNF content of wilk from cows fed high level of
concentrate coumpared with cows fed pasture alone in
this experiment, the diffevecuces between

ere pon-significant. Again, in view of the lack of

nd milk yield the
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cows fed concsentrates.
3.%.,6. Relation betwsen Food Intake and Animsl Production

Calculation of multiple regression esquation revealed

fie)

that partial coefficient of live-weight was not significant

significant (P<0.01),

sely related to intake, the

standardized partlal regresslion coefficient being 0.79. This
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did not indicate, howsver, that food intake was determined by
milk yield or vice versa, butv merely suggested that differences

in

2 1)

ood intake might be predicted guite well, for approximately
72% of the total variation in intake was noted to be related
to milk yield alone. The knowledge of differences in live-

veight 41d not add wmuch to the precision of the prediction.

0a

In this connection, Holmes et.al. (196%) and Jones et.al. (1965)
noted a non-significant partial regression coefficient with
that for milk yield was significant. lore precise
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might have been obtalned if variasbility in intake due fo live-

Qs

welght gain, level of counceuntlrate fed, age and shave of
& H H & 5

o

lactation etc. were to be taken into consideration. However,
£

the small number of cows used limited the usefuluess of

sroceeding with very detailed analyses.
8 g
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An experiment was conducted with

the nutritional effects of adding

examine

3

B

to a diset of pasture. Nineg Jersey cows w

(@}

trates

¥

used in a 3 x 3 Latin square

o

the sguares ran concurrenitly.

were - (A) pasture ad.lib., (B) pasture
Kg concentrates/cow/day, (C) pasture

+ L.2 Hg concentrates/cow/day. Hach period of e

square was of 18 day duration. The data of the

12 days in each period were used for cowmparison
treatment effects.

concentrates to the diet of cows

offered pasture ad.lib. decreased the voluntary

0.66 Kg conc

reagpectivel

5% and 10% in total DM intake in

favour of itresatmenis B and C respectively was no

o
s

o

The pasture Dl consumptlon average 3.2, 11.7 &

10.9 Kg/cow/day for treatments A, B and C respec

@

g
H

In addition concentrates DIl consumed were 2.3 an
respectively on treatments B and C. The total 1
of supplsumented cows was significantly greater
(P 0.01) than
Ho difference in digestibility between
to wethers

pasture + concentrate diets when fed

1

ere

ach
last

of

en-

¥
Ej’.
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ted.
nd

tively.
d 3.5 &

ntake

wasg

noted, though differsnces between periods were obvious.




intake in

treatments A, B and C
respectively were 2.1, 9.9 and 10.3 Kg/cow/day;

e differcnces between concentrate and non-concen—
trate groups were highly significant (P<0.01).

f
The differences 1lu DOM intake between periods within

treatment were small.

alimentary tract on all treatments was similar. The
mean retention time for coucenirates was counsiderably
lower than pasfture. The mean refention times for
pasture on treatments A, B and C being L41.0., 4L.0 and
LO.C hy and for coucentrates weve 3L.7 and 26.5 hr on
reatments B and C respectively.
The wmilk yields of cows on treatments A, B and C were
4.2, 14.8 and 1L.L Kg/cow/day respectively, the
differences being non-significant (P>0.05).

Councentrate feeding reduced wmilk fat content by 0.11

and 0.13 percentage units and increased SHF contents

by 0.06 and 0.17 percentage units on treatments B

and C, respectively. These differesnces, however, were
non-significant (P> 0.05). The yields of milk fat and
SIF were unaffected ov slightly affected by concen-
trate feeding.

A1l cows remalned iun good health throughout the ex-
periment, except for the teuporary lameness which

oL

developed on introduction of cows fto stall feeding.




10.

11

The cows gained on an average of 0.5 Kg/cow/day in

live~weight throughout the experiment., Differences

in live-weight gain between

treatments were non-

significant.




HAPTER IV

CONCLUS IONS

5

The results of the indoor feeding eXperiment showed
that when concentrates were fed t0 cows receiving ad.lib.

r partially substitulted for the latiter.

8]

pasture, the form
The extent of substitution wmay have varied with the stage

of lactation or chaenges in pasture gquality (see section 3.5,
The experiment suggested that substitution wmay be one possible
reason why responsesg to councentrates fed with pasture in the
pregent and in other seXperiments have often been disappoin
Some additional informaetion obtained indicated that when
levels of the concentrate sxceeded 3 Kg/cow/day, the cows lost
thelr appetite for a time. This may be cne of the reasons for

the rather disappointing responses to concentrate feeding in

3

the field trial. Microbiological and physio-chewmical evidence
is ueeded to help explain the depression in intake resulting

high levels of concentrate feeding.

th

The suggestion wade in discussion, that factors other

f
o
o
D
bl

than gut capacity may 1imit intal concentrates are fed,
needs investigation. Diffewent ratios of grass fto concen-
trates could be fed and wumen fill, rate of passage and rumen
digestion measured, to determine whether or not gut capacity
is limiting inteke. Investigations are also needed on the
effect of chaunge in size of the gut with regard to stage of
lactation and its influence on intake.

ght were not

fulo

Milk yield, milk composition and live-we
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gignificantly affected by concentrate feediug 1n fthe indoor
gxperiment. Apart from the subsititution the effect way have

in intaske or the

0]

been due to the relatively swmall increas
short duration of each experimsental period. Further evidence
is required on the effects of feeding concentrates along with

pasture oun intake, wilk yield and wmilk composition. Longer

term field experiments with different amountis and gualities
of pesture and concentrates are nseded. These should be

supplemented with indoor feeding trials where precise measure

be made,
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The responses obtained in the field experiment weres
not as great as might have been expected in view of
apparent shortage of fseds. OUne of the rveasons wmay have been
that pasture was not really limiting despite its apparent
sparseness.

While a2 betiter response would he expected when pasture

is definitely limiting, as in the gzgrazing experiment at

<3

availebility and hence to judge the likely respouse to cgoncan-—
trate feeding in a particular situation. If a libeval supply
of pasture ig available concentrate feeding may result in
substitution of the former and consequently poor regponses in
milk yield. The extent of substitution and hence the response
to concentrates way also depend on the following factors:
stage of lacta

(Campling and Murdoch, 1966; Clifton et.al., 1963), type of
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concentrates (Kurdoch, 196L), amount of concentrates

P

(Campling and Murdoch, 1966 guality of basal ration (Blaxter

et.al., 1961, Reid, 1955). In addition some other factors

Q0

such as previous level of feeding (Broster et.al., 1958), the

genetic potential of milk production and age of cows (Burt,

e

1957b) may also play an important part in affeciing the re-

.

sponses obtained (Also ses section 1.5).

5

The substitution of councentrates for pasture under

<
ot

O

practical farming conditions may be important in thatl pasture

pericds of severse deficieuncy of pasture.
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Covariance Analysis,

APPENDIX 1

using Preliminary Period Milk

Yield as X and Cowmparison Period Milk Yield as Y

for whole of the Comparison Period (Table 6)

Source @L§ S8X SPXY I 885Y sey' lar! MS F Re-
sult

Total 15 172.5391641.189160L.0LL8

Blocks 7 1LL.695 L3.0588{L5.730

Treat-

mant 1 2.835(-1.2521 0.853

Error 7 125.009119.383!/17.865 | 2.8L2| 6 |0.L7L

Tr +

arror § l27.84L118.131118.718 1 6.912 | 7

For 1 1b.070 |8.58

testing

TR diff-

erence

(B) Covariance Analysis, using Preliminary Period Hilk

Yield as X and Cowmparison Period Milk Yield as Y
for FPirst-lalf of the Comparison Period (Table 5)

sSource d.fd4 58X SPXY S gy arf s 7 Re~

sult

Total 15 172.53915L.532160.520

Blocks 7 iLh.695 (L1 .6L0O L2372

Treat- ‘

ment 1 2.8351-3.226| 5.672

Error 7 125.009M6.11812.476 1 2.088 | 6 [0.34L8

Tr +

srror 8 127.84h112.892118.1L8 M2.179 | 7

For 10.091 11 §10.091 125.997

testing

TR diff-

erence




APPENDIX 2
(4) Covariance Analysis, using Preliaminary Period ¥ilk
Fat Content as X and Whole of the Comparison Period

liilk Fat Content as ¥ (Table 6)

Source a.f 88X SPXY 58Y 5eY' oar! s f Re-
sult
Total 1512104 1.81912.318
Blocks 7 10.929] 0.73L10.85k2
Treat-
ments 1 10.003-0.019]0.129
aArror 7 11473 1.10Li1.337 0.298 6] 0.0L97
Tr +
Brror 8 | 1.176] 1.085{1.L66] 0.1465 7
For 0.167 110.1670 | 3.360 s
testing
™R diff-
erence
(B) Covariance Analysis, using Preliminary Period Milk
Fat Content as X and Fipst-Half of the Comparison
Period Milk Fat Content as Y (Table 5)
Source d.f.] 88X  PXY S8y lgsy! ar'l uS f Re~
sult
Total 15 1 2.10L|1.b16]2.L469
Blocks 7 10.92910.35%({0.625
Treat-
ments 1 10.0031-0.039/0.518
asrror 7 {1.17311.10L11.326]0.287 6| 00L78
Ty +
Grror & 11.17611.06511.8LL10.880 7
For 0.593 11 0.5930112.L06 %
testing
TR diff-
erence




APPENDIX 3

(4) Covariance Analysis, using Preliminary Period Milk
Fat Yield as £ and Whole of the Cowmparison Period

Milk Fat as Y (Table 6)

Source d.fd SsX SPX 55Y SeY't | oar' MS il Re—
sult

Total 1510.144710.11581 0.1079

Blocks 710.091210.076110.0722

Treat-

ment 110.0031 10.0016] 0.0008

LZrror 7i0.050L410.0380] 0.03L9| 0.0320 651 0.0053

Tr +

Lrror 810.0535(0.0396|0.0357| 0.0328 7

For 0.0008 11 0.0008| «1 NS

testing

TR giff-

erence

(B) Covsriance Analysis, using Preliminary Period Milk
Fat Yield as X and First-Half of the Couparison
Period Milk FPat Yield as Y (Table 5)

Source a.f] ssx SPXY | @Sy seyt | ar'l s P Re-
gult

Total 15]0.1L0L7{0.0855] 0.073L

Blocks 710.0912{0.0530| 0.0435

Treat-

ment 110.0031 10.001L; 0.0007! 0.0100 61 0.0016

EZrror 7i0.0504410.031110.0292] 0.0102 7

Tr +

Brror 8i0.0535{0.0325{ 0.0299] 0.0002 11 0.0002] «1 it

For

testing

TR diff-

erence




APPENDIX 4

(4) Covariance Analysis, using Preliminary Period SIHF
Content as X and Vhole of the Comparison Period

SNF Content as Y (Table 6)

Source d.f.| 98X |SPXY | S8Y SIS ar' NS ) Re-
sult

Total 151 0.969|0.729(0.920

Block 7 1 0.49610.358 0.L29

Treat—

ment 11 0.006{0.02L {0121

Brror 7 1 0.L6710.3%7 (0.370 1 0.127 5 1 0.021

Tr +

Brror 8 10.473]0.361 [0.491 | 0.216 7

For 0.089% 1 10.089 | L.238 NS

testing

TR diff-

erence

(B) Covariance Analysis using Preliminary Period SIF
Content as X and First Half of the Cowmparison
Period SIF Content as Y (Table 5)

Source d.f.] S8X (SPXY ooy seY' lar! M w Re~
sult

Total 15 10.969[0.578 |0.906

Block 7 10.49610.2100.262

Treat-

ment 1 10.00610.013%10.033

Error 7 | 0.L6710.355(0.611 | 0.341 6 | 0.057

Tr + .

Lrror 8 1 0.47310.368|0.6LL | 0.358 7

For 0.017 110.017 <1 NS

testing

TR diff-

erence




APPENDIX 5

(A) Covariance Analysis, using Preliminary Period SIF
Yield as X and Whole of the Comparison Period SNF

Yield as ¥ (Tabls 6)

Source d.f.| 58X SPXY S8Y SeEYt (a.rf Mo 7 Re~-
salt

Total 1510.58971 0.5105{0.1683

Block 710.3817] 0.370710.4109

Treat-

ment 110.013L |-0.01L4510.005L

Lryror 710.19L6 | 0.1538(0.168310.0L881 & [0.0081

Ty +

Brror 810.2080 | 0.139310.17370.16L0LI 7

For 0.11561 1 01156 1ML.171 s

testing

TR diff-

erence

(8) Covariance Analysis, using Preliminary Period SIF
Yield as X and Pilrst-Half of the Couwparison Period
SHF Yield as Y (Table 5)

Source d.f.] 88X SPXY 55Y SeYt o ojag! S ¥ Re-
sult

Total 1510.5897 ! 0.456910.5382

Block 710.3817 | 0.35210.3715

Treat-

mend 1 10.013L |~0.0260{0.0506

Brror 7 10.1946 | 0.130810.1164 {0.0282] & [0.00L7

Tr +

Lrror 8 10.2080 | 0.10L8(0.16670.1139] 7

For 0.08571 1 (0.0857{18.23L il

testing

TR diff-

erenge




APPERNDIX 6

(a) Live-weight Change (Table 16)
Analysis of Variance
Source d.f 5.0 M.2. b Result
Total 26 L12.792
Square 2 52.760 26.380 11.504L7 NS
Periods witnin Square 5 59.L20 9.90% <1 NS
Cows within Sqguare 6 L5, 70 7.529 <7 NS
Treatment 2 6.739 3.369 {1.L93 RS
Treatment x Square L 9.027 2.257 <1 RIS
Brror 6 240.102 Lo.o17
(b) Dry Matter Intake - Preliminary Period (Table 17)
Source d.f. 5.5, M. 5. £ Result
Total 107 309.857
Days 11 169.719 15.4290 | 23.3L5L i
Cows 5 81.978 10.2L72 1 15.50L¢9
Brror 88 58,160 0.6609




APPENDIX 7

(a) Milk Yield - Preliminary Period (Table 17)
Analysis of Variance
Source da.f. 5.5. .5 £ Result
Total 87 376.91
Cows 8 319.19 39.8987 53.9682 Rl
Days 9 5.97 0.6633% <
Error 70 51.75 0.7393
(b) ilk-fat Content - Preliminary Period (Table 17)
Analysis of Variance
Source a.f. 5.8, .5, £ Result
Total 26 114701
Cows 8 10.4805 1.3100 23,1858 4
Days 2 0.09L7 0.0L473 Z1 s
brror 16 0.90L9 0.0565
(c) SNF Content - Preliminary Period (Table 17)
Analysis of Variance
Source d.f. 5.5, H.S. f Result
Total 26 LY
Cows 8 2.516 0.31L5 3,156 #
Days 2 0.078 0.0390 <1 NS
Brror 16 1.457 0.0%910




APPLUNDIX 8

(a) Total DOM Intske (Table 18)
Analysis of Variance
Source d.f. 5.5, M.S. i Hesult
Total 26 18.936
Square 2 1,.689 2.3Lh5 1.8711 Hs
Cows within
Square 5 6.657 1.1095 20.03LL w
Period within
Square 5 1.038 0.1730 3.13L0 +
Treatment 2 5.753 2.8765 2L .585L 55
(i) AVs B & C 1 5.320L8 | 5.32L8 L5.5111 Rk
(ii) B Vs C 1 0.L290 0.4290 3.6567 RS
Treatment X
Square L 0.L68 0.1170 2.1196 HS
Lrror 6 0. 331 0.0552
(b) Total DM Inteke (Table 18)
Analysis of Variance
Source d.f. 5.5 M.S. b Result
Total 26 | 35.1460
Square 2 9.897 L.oL85 1.8031 NS
Cows within
Sguare 6 13.6L2 2.2737 14L.2731 @
Period within
Square 6 3354 0.5590 3. 5091 +
Treatment 2 6.818 3.L090 17.1998 #
(i) AVs B & C 1 6.276L | 6.276L | 31,6670 o
(ii) B Vs C 1 0.515 | 0.5L15 2.7320 NS
Treatment x
Square Ly 0.783 0.1982 1.2LL2 e
Brror 6 0.956 0.1593




APPENDIX 9

(a) Pasture D.O.M. Intake (Table 18)

Analysis of Variance

Source d.rf. 5.8, .8, b Result
Total 26 2L.130
Square 2 L.613 2.3065 1.994L8 S
Cows within
Sguare 6 6.012 1.0020 | 12.6356
Periods within
Square 6 1.16L C.194L0 2.hbL6l NS
Treatment 2 11.403 5.7155 52.67L0 # %
(i) A Vs B & C 1 10417 1104017 | 93.L719
(ii) B Vs C 1 1.2896 | 1.2896 | 11.8857 0
Troatment X
Square L 0.L3L 0.1085 1.3682 NS
Brror 6 0.L76 0.0793

(p) Pasture DM Intake (Table 18)

Analysis of Variance

Source a.r. s.s. M.S. £ Result
Total 26 51.599
Square 2 9.582 L.7910 1.8205 NS
Cows within
Square 6 12.63L 2.1057 13.7807 Gk
Periods within
Square 6 3,662 0.610% 3.9943 +
Treatment 2 23.957 11.9785 56. 5824 Bk
(i) A Ve B &C 1 21.2766 | 21.2765 {100.5035
(ii) B Vs C 4 2.6803 ! 2.6803 | 12.6608
Treatuent X
Square L 0.84L7 0.2117 1.3854 S
Bryvor 6 0.917 0.1528




APPENDIX 10

Pasture DM Inteke : Period within Treatment

Anglysis of Variance

Source d.f. 5.8, .8, Res
Total %21 923.008
Treatment 2 290.68L 1h5.34L7
Periods within
Treatment 6 L5120 7.5207 19,33
Days within
Period 99 166.610 1.6829

Cows within
Days 21l L,20.580

-
O
an
1
N




APPENDIN 11

(a) Milk Yield (Table 21)
Analysis of Variance

source d.f. S.8. M.o. £ Result
Total 26 118.316
Sguare 2 50.026 25.0130 2.3993 IS
Cows within
Square 6 51.186 8.3376 39.2357 B
Periods within
Sguare 6 13,086 2.1760 | 10.2L0 @
Treatment 2 1.4L80 0.7L00 2.2896 NS
Treatment X
Sguare L 1.293 0.3232 1.5209 N
Brror 6 1.275 0.2125

(p) L FCM Yield (Table 21)

Analysis of Variance

Source dg.f. 5.8, .o, hi§ Result
Total 26 91.688
Square 2 %7.607 18.8035 2.5025 NS
Cows within
Square 6 38.154L 6.3590 {12.96956 e
Periods within
Square 8.105 1.3508 2.7550 WS
Treatment 2 1.690 0.8L50 1.0596 S
Treatment x
Square L 3.190 0.7975 | 1.6957 NS
Error 6 2.9L2 0.LS03




APPENDIX 12

(a) Milk Fat Content (Table 21)
Analysis of Variance

Source d.f. S.8. H.E. £ Result
Total 26 10.287
Square 2 2,126 1.7130 1.6339 S
Cows within
Square 6 5.660 0.9433 | L6.L6T9 %
Periods within
Square 0.705 0.1175 5.7882 %
Treatment 2 0.080 0.0L50 <1 s
Treatment X
Sqguare L 0.284L 0.0710 3. 975 +
Brror 6 0.122 0,0203

(b) SHF Content (Table 21)

Analysls of Variance

Source a.rfr. 5.5, .8, hi Result
Total 26 2.96L
Square 2 0.769 0.36L5 1.12985 NS
Cows within
Square 6 1.598 0.2663% 23,2870 R
Periode within
Sguare 6 0.3%312 0.0520 6.5000 &
Treatment 2 0.127 0.0635 2.3091 S
Treatment x _
Square L 0.110 0.0275 3.4375 +
Arror 5 0.0L8 0.0080

(c)

SHE Content @

Anelysis of Variance

(Treatment within Square)

(Table 21)

Source d.f. 5.5, M. £ Result
Total 26 2.964
Square 0.769
Cows within
Square & 1.598
Pericd within
Sguare 6 0.312
Tregtment with-
in Square 6 0.237 0.0395 L.937 &
Lrror 6 0.0L8 0.0080




APPENDIX 13

(a) Milk FPat Yield (Table 21)
Analysis of Variance

Source d.f. 5.5, .S, £ Result
Total 26 0.1780
Sguares 2 0.0609 0.030L 1.9612 NS
Cows within
Squares 6 0.0858 0.0143} 11.000 ok
Periods within
Sguares 6 0.0105 0.0017 1.3076 NS
Treatment 2 0.0036 0.0018 <1 NS
Treatment %
Square Ly 0.0096 0.002L 1.8L61 NS
Brror 6 0.0076 0.0013

(b) SNF Yield (Table 21)

Analysis of Variance

source d.f. S.5. .S, £ Result
Total 26 1.033
Sgquares 2 0.L71 0.2355 2.7256 NS
Cows within
Squares 6 o.hal 0.0707 258.280 i
Periods within
Sqguares 6 0.09L 0.0157 65.280 @
Treatment 2 0.018 0.0090 3.2104 0S8
Treatment x
Square L 0.011 0.0028 1.120 NS
Brror 6 0.015 0.0025




n due to Cows Intsks

Cows Within 1 2 3 S CV (Significance
Squars (%) |of difference
Dry Matter Dg.
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AFPPENDIX 15

Varigbility in Milk Production due to Cows

(Eg/Cown/Day)
Cows within Square 1 2 3 SE cv Significance
(%) of difference
5qg.
HMilk Yield
(kg) I | 13.8]12.0|12.9 | +0.27| 3.57 |1>2 =%
It 13,01 16.1 1 13.8 +0.27] 3.22 |21, 3 w@
IIT | 17.2]17.7|13.6 | +0.27| 2.83 {1, 2>3 #=

mean ! 1L4.71 15.3{ 13.4L

Hilk~-Fat
Content (%) T | 6.041 5.93| 5.18 | +0.08| 2.45 |1 >3 %=
275 B
IT | 5.48| L.70 | L.49 | +0.08} 2.86 (172, 3 #*
11 L.52¢1 L.88 | 5.82 j0.08 2.76 | 3>1, 2 #%
2>1 %
mean| 5.3L] 5.17 | 5.16
Hilk-Rat I 831.7 709.7 663.7 i«Q0.0 14‘898 172’ 3 B
vield (gm)
IT |709.0[758.0 (622.0 | +20.0|5.170 |2 >3 =
1 >3 %
IIT {781.01862.3% 788.7 +20.0 L.t y2=>1, 3%

mean {773.91778.7 691.5
5

SIF Content T | 9.59! 9.91 | 9.45 [+0.052]0.922 |2 >1, 3 s
(%) IT | 9.30| 9.58 | 8.98 [+0.052|0.958 |2>1, 3 ==
4 73 L
TIT | 9.36| 9.5L [10.02 [+0.052{0.923 | 3>1, 2 #%
mean| 9.L21 9,68 | 9.4L8
SNP Yield T [1323.3] 1187.7 1211 .3/+29.0 |L.029 |1>2, 3 «
(Gm) II [1204.0[1548.d 12L3.3|+29.0 [|3.754 |2 >4, 3 #%
III [1613.311691. 7] 1360.3 [+29.0 |3.215 {1, 2 >3 &%
mean |1 380.21ML75.81 1271.6




Z, = 307.778 %, = 16.955 Y = 0,767
= B%5%.4 « 2 5 2'{/: z O}
X 4 = h353. ggg = 25,2 ¥ = 3%,0L
X, X, = 214L.3 £x, ¥ = 9.05 EX, ¥ = 97.1
1 72 2 i
by 1.2 = 0.0057 by 2.1 = 0.3 08
- A o - 2 - s A "{'\’ 2
by 1.2 = 0.60; Sy.12 = 0.60/6 = 0.10; Z¥Y.12
hY
= (3.94 - 0.60) = 3.3L
Anglyses of Variance
= 7. [of< e L l
oouree ar S5 Wi £ Result
Total 8 3. 9L
Regression 2 3.3k 1.67 16.7 e
Residual 6 0.60 e
Test of Bach of X After the Effect of the Other
has been Removed
Source ar 85 S f Result
X % X 3)
_xj & .c..2 2 3.)4
X1 slone 1 1.76
Xg after 31 1 1.58 1.58 15,8 Wi
Xﬁ & X2 2 3. 350
Xﬁ alone 1 %.25
Xﬁ after X2 1 0.09 0.09 0.9 NS
Brror 6 0.60 0.10
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