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ABSTRACT

Each of 15 sets of identical twins was allocated to two
grazing treatments, the pasture fed treatment (PF) and the
concentrate fed treatment (CF). Cows in PF treatment were fed
pasture only and those cows in CF treatment were supplemented
with concentrates. The swards used were predominantly of
~perennial ryegrass. The experiment was carried out for 14 weeks
(14th September-21st December 1987) of the early grazing season

of 1987.

The experiment was carried out in two periods, Period I
with an allowance of 20 kgDM/cow/day from 13th to 27th October
1987 and Period II with an allowance of 25 kgDM/cow/day from
21st to 30th November 1987. Milk yield, milk composition,

animal liveweight and condition score were measured.

Herbage intake was estimated by sward cutting technique
and was 10.0 and 9.0 kgDM/cow/day for supplemented cows, and
11.8 and 12.2 kgDM/cow/day for. unsupplemented cows in Periods I
and IT respectively. Supplemented cows consuméd 6.7

kgDM/cow/day concentrates in both periods.

There was a significant increase in milk yield due to
concentrate supplementation. The average response was 0.40 kg
milk/kg concentrate DM eaten or 0.68 kg milk/kg extra feed DM
eaten. Yields of milk constituents were increased except for

fat in Period II.
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Concentrate feeding had no effect on milk fat and milk
lactose concentrations but milk protein concentration was
increased. Supplemented cows gained more liveweight and

condition score than unsupplemented cows.

Concentrate supplement increased total intakes by 0.65
kgDM/kgDM concentrate eaten and 0.69 MJME/MJME concentrate
eaten. Herbage intake was decreased by an average 0.34
kgDM/kgDM concentrate eaten. Residual herbage mass was

increased by concentrate supplementation.
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CHAPTER 1: INTRODUCTION



INTRODUCTION

In New Zealand dairy farmers rely on grazed pasture as the
main source of feed for their dairy stock, and through their
management attempt to match annual demand with pasture supply.
However, in some years, significant pasture deficits can occur
due to exceptionally cold or wet winters reducing pasture growth
rates particularly on those farms with early calving. In such
situations farmers are forced to use supplements such as hay,
silage and meal concentrate in order to fill the temporary ’'gap’

in pasture supply.

The present study was designed and initiated to examine
the effect of concentrate supplement on animal performance when
pasture allowance was restricted, as in the above examples, and

when allowance was adequate.

Although several experiments (Jennings and Holmes,1984;
Arriga-Jordan and Holmes,1986; Grainger,1987) haQe shown
relatively poor and uneconomic responses to concentrate feeding,
these have generally been relatively  short-term studies.
Because many factors, such as level of feeding, feed quality and
the animal 1itself, can affect the response of grazing cows to
supplements, it is possible that longer-term concentrate feeding

may show different and even more favourable effects.



The present study also attempts to detail the major
factors concerned with the response of cows to supplementary
feeding and also the factors influencing herbage intake by

grazing dairy cows.



CHAPTER 2: REVIEW OF LITERATURE



2 REVIEW OF LITERATURE

2.1 EFFECTS OF SUPPLEMENTARY FEED GIVEN TO GRAZING COWS.

2.1.1 Effects on Feed Intake and Substitution.

There is general agreement that when supplements are fed
with unrestricted pasture of good quality, cows consume less
pasture although total feed intake is often increased (Hutton
and Parker,1966; Bryant,1978; Stockdale et al.,1981; King and
Stockdale,1981; Bryant and Trigg,1982; Meijs and
Hoekstra,1984; Stockdale and Trigg,1985; Stakelum,1986a,b,c;
Grainger,1987; Wills,1988). The term ‘substitution rate’ is
used to describe the amount of reduction in pasture DM intake
when 1 kgDM supplement is consumed. The substitution rate and
the amount of total DM intake can be influenced by the type of
supplements, the feeding 1level of herbage and supplements, the
quality of herbage and supplements, physiological state of

animals and probably the interaction between these factors.

2.1.1.1 Type of supplements

Supplementary feeds are usually used to supplement grazing
particularly when herbage is in short supply. The effects of
type of supplement on substitution rate are variable (Umoh and
Holmes,1974; Bryant and Trigg,1982), probably owing to the
confounding effect of feeding level, relationship with pasture

quality or balance of the whole diet. However, supplementation



with a particular nutrient which is deficient in the diet can
increase the intake of pasture resulting in a reduction 1in
substitution rate. Protein supplementation, for instance, can
increase pasture intake when the diet is deficient in protein
(Kempton,1983). The range of substitution rate for various
feeds at various physiological state can be considered to be
similar to those reported by Leaver et al.(1968), Journet and
Demarquilly (1979), Bines (1979), Meijs (1981) and Leaver

(1985).

Total DM intake is usually increased with supplementation
to grazing cows. At restricted herbage allowance, offering
grass silage as a buffer feed leads to a large increase in total
DM intake (Rogers,1979; Bryant,1978; Phillips and Leaver,

1985b).
2.1.1.2 Level of feeding

The extent to which herbage DM intake is reduced in
response to supplementary feeding wunder grazing condition is
largely dependent on level of herbage allowance (ﬁeijs and
Hoekstra,1984). Regardless of the type of supplements, the
substitution rate is increased with increasing HA. Meijs and
Hoekstra (1984) with concentrate supplementing to grazing cows,
found that the substitution rate was shown to decrease from 0.50
at a high HA to 0.11 at a low HA. Similar relationship was also
observed with hay supplement (Eldridge and Kat,1980; Wills and

Holmes,1988) and silage supplement (Phillips and Leaver,1985b).



The relationship between the amount of supplement consumed
and substitution rate has been shown to be inconsistent. In
reviewing 11 =zero grazing experiments covering the range 0-5.2
kg concentrate DM, Meijs (1981) showed a mean substitution rate
of 0.45. For a further increment of concentrates over the range
2.7-6.9 kg concentrate DM in the same experiments, the mean
substitution rate was 0.60. This indicated the curvilinear
relationship, however, this has not been confirmed in grazing
trials with lactating cows (Meijs and Hoekstra,1984), with beef
cattle (Umoh and Holmes,1974) and indoor trials (Taparia and
Davey,1970; Tayler and Wilkinson,1972). Sarker and Holmes
(1974), Combellas et al.(1979), and Stockdale and Trigg (1985)
even found a decreasing substitution rate at higher concentrate
intakes by grazing dry cows, heifers and lactating cows

respectively.

It is simply that at high level of feeding, either high HA
or high supplement intake, substitution rates are increased but
HA is more likely to play a major determinant in influencing the

magnitude of substitution rates.



2.1.1.3 Quality of feeds

The substitution rate can be affected by the quality of
supplement. Meijs (1986) compared a high starch with a high
fibre supplement (12.4 and 11.7 MJME/kgDM respectively) for
grazing dairy cows and concluded that the high starch supplement
caused higher reduction in the consumption of pasture (0.45
kgDM/kgDM as concentrate) than the low starch supplement (0.21
kgDM/kgDM as supplement). He suggested that change in
substitution rate was related to the rumen fermentation, where
the high starch concentrate tended to decrease the rumen pH,
affecting the cellulolytic activity of microbes. Similar
results were observed by Jennings and Holmes (1984) with
concentrates of high or low quality (13.6 and 12.0 MJME/kgDM
respectively). With forage supplementation, there is not much
information related to the different quality. Stockdale et
al.(1981) and King and Stockdale (1981) suggested that the
relative quality of hay compared with pasture determined the
ability of the supplement to counteract the effects of
underfeeding, although they did not compare supplements of

different digestibility.
2.1.1.4 Physiological state
Information about the effect of stage of lactation on DM

substitution rate 1is contradictory (Jennings and Holmes, 1984;

Phillips and Leaver,1985a,b).




2.1.2 Effect on Residual Herbage Mass

Supplementation can reduce the severity of grazing.
Bryant and Trigg (1982) concluded from many experiment that for
each 1 kgDM of supplement consumed, residual herbage mass is
increased by 100-200 kgDM/ha. Considering that when supplements
are fed cows eat less pasture, an increase in residual herbage
mass is presumably due to the substitution rate of supplements
for herbage (Wills,1988). The extent of variation in increased
residual herbage mass is probably due to the differences in
herbage mass, herbage allowance, level of supplement feeding and

the substitution rate.
2.1.3 Effect on Milk Yield and Composition.

The effect of supplementary feeding on milk yield and milk
composition was reviewed by Bryant and Trigg (1982) who
concluded that the average response was an extra 0.5 kg of milk
or 21 grm of milk fat for each additional 1 kgDM of supplement
consumed, with a range of -0.2 to 1.4 kg and -6 to 63 grm of
milk and milk fat respectively. Leaver et gl.(1968). reviewed
average response of 0.32 kg milk/kg supplement eaten whereas
Journet and Dermarquilly (1979) concluded an average response of
0.4 kg milk/ kg supplement consumed. The variations in such
response can be attributable to differences in the type of
supplements, in ME concentration per kgDM of supplement, in the
amount and quality of both pasture and supplements consumed, in

stage of lactation, in level of production and probably the



combination of these factors affecting the response.
2.1.3.1 Type of supplement

Most evidence has shown that when supplements were fed,
regardless of the type of diet, yields of milk and its
constituents generally increased. Based on the limited data
reviewed by Bryant and Trigg (1982), there is no convincing
evidence that production response was affected by the type of
supplements. Those factors including quality and quantity of
supplement, frequency of feeding and interactions among these
factors in association with pasture factors rather than the type
of supplement itself affect animal production response. In
Ireland, Walsh (1969), for example, fed grazing dairy cows with
concentrate or hay ad libitum and observed different response to
both supplements. He suggested that the digestibility, not the
type, of supplements affected different response per kgDM
supplement. This implied that as the two supplements contained
different ME concentration, the ME intake of the cows were also
different and hence the cows showed different response. When
comparisons have been made between energy and. protein
concentrates, Rogers et al.(1983) shown that significantly
greater responses to protein than energy supplements occurred in
only 4 out of 8 experiments. One of the experiment showed
increase in the yield of milk, fat and protein by 16%, 19% and
5% respectively. Concentration of fat was increased whereas

protein concentration was depressed.




Although the type of supplements was unlikely to affect
production response, it did affect concentration of milk
constituents. Milk fat concentration was depressed by
concentrate supplementation but it was increased by silage
supplementation (Jennings and Holmes,1984; Stockdale and
Trigg,1985; Phillips and Leaver,1985b; Arriga-Jordan and
Holmes,1986; Stakelum,1986a). However, fat concentration was
unlikely to be affected by hay supplementation although it
tended to be increased (Stockdale et al.,1981; Phillips and
Leaver,1985a). The reduction in milk fat concentration by
concentrate supplementation has been suggested to be due to a
high production of propionic acid and a low production of acetic
and butyric acids in the rumen, depressing the secretion of milk
fat (Rook and Thomas,1983). Milk protein concentration was
increased by concentrate supplementation (Stockdale and
Trigg,1985; Stakelum,1986a,b) Hay supplements had no effect on
milk protein concentration but silage tended to reduce
concentration of milk protein (Phillips and Leaver,1985b). Milk
lactose concentration was unlikely to be affected by the type of

supplements.

2.1.3.2 Level of feeding

The effect of supplementation on animal performance
(kgFCM/kgDM supplement) decreased as the overall feeding level
increased (Leaver et al.,1968; Bryant,1978; Stockdale et
al.,1981; Bryant and Trigg,1982; Stockdale and Trigg,1985;

Phillips and Leaver,1985a,b; Stakelum,1986a; Grainger, 1987).
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With concentrate supplement, Stockdale and Trigg (1985) observed
that increases in total DM intake from 8.0 to 14.9 kg resulted
in decreases in milk response from 1.6 to 0.55 kg/kg supplement

eaten but increases in liveweight gain.

At comparable supplement intake, response was greater at
low allowance than at high allowance and this usually occurred
in association with the lower substitution rate of supplement
for herbage (Phillips and Leaver,1985a; Stockdale and
Trigg,1985; Stakelum,1986a; Grainger,1987). Gordon (1979),
and Le Du and Newberry (1982) even reported overall responses of
1.2, and 2.9-3.5 kg milk/kg concentrate consumed, to severe

restriction.

The effect of level of supplement intake on yield response
was very small. Such effect tended to depend largely on the
overall feeding level and the amount of pasture intake rather
than the level of supplement itself. Many experiments have
shown a tendency of decreasing response in yields of milk and
its constituents with increasing the level of supplement
consumed (Bryant and Trigg,1982; Phillips and LeaQer,l985b;

Stockdale and Trigg,1985).

Milk compositions were affected not only by the type of
supplement but also by the level of supplementation.
Experiments in which the effects of altering the ratio of
roughage to concentrates had been studied (Broster et al.,1979;

Sutton et al.,1980). When the ratio of roughage to concentrates
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was reduced, milk fat concentration fell in both experiments.
The fall in milk fat concentration was due to the combined
effects of an increase in milk yield and a decrease in fat
secretion. There was also some evidence that a different
response occurred when different types of concentrates were used
(Sutton,1981). Concentrates containing a high proportion of
starch such as cereal grains 1led to depression in milk fat
concentration. Maize and sorghum produced a higher milk fat
concentration than those cereal grains containing high starch

(Sutton,1981).
2.1.3.3 Quality of feeds

The effect of supplementation on the digestibility of the
whole diet is unclear. A depression in digestibility in the
diet of grazing cows supplemented with concentrate (-0.4%/kgDM
concentrate) has been shown by Arriga-Jordan and Holmes (1986).
This was probably due to a reduction in gastro-intestinal pH
which resulted in a reduction in the digestibility of starch and
cell wall carbohydrate (Reid et al.,1980). Eldridge and Kat
(1980) did, however, not find that depression in non;lactating
cows supplemented with hay. The absence of the effect of hay
supplement on the digestibility of the diet observed by them can
be attributed that such effect would depend on the digestibility
of the hay and of the pasture rather than the digestibility of

the hay alone.
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Milk yield was unlikely to be affected by the quality of
the supplements itself. It reflected the difference in herbage
intake caused by difference in quality (digestibility or ME
concentration) of supplement. Meijs (1986) compared a high
starch with a high fibre supplement (12.4 and 11.7 MJME/kgDM
respectively) for grazing dairy cows and concluded that a high
milk production from high fibre supplement than high starch
supplement was due to a higher herbage intake in high fibre
treatment. The fat concentration of the milk was also higher
with the fibrous concentrates due to decreased molar proportions
of propionic acid in the rumen. Another grazing comparison
between high quality and low quality concentrate supplementation
(13.6 and 12.0 MIME/kgDM respectively) has been made by Jennings
and Holmes (1984). No significant difference in milk yield of
cows fed either high or low quality concentrate supplements was
observed but milk fat concentration was depressed when cows were

fed the high quality concentrate.

Although Hutton and Parker (1965), Parker (1966) and
Stockdale et al. (1981) all have shown pasture-hay diets to
have lower nutritive value when compared with pasture Anly, King
and Stockdale (1981) found the relative nutritive value of the
hay, in terms of production and body condition, was similar to
that of pasture. The former authors used hay having the DM
digestibility of 53, 60 and 63% respectively, whereas the latter
authors reported the DM digestibility of hay of 70%. In
addition, the DM digestibilities of pasture offered in these

studies was higher than hay except in the trials of King and
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Stockdale (1981) that hay was higher in digestibility than
pasture (70 and 63% respectively). These seemed to indicate
that the response to a supplement is unlikely to depend on the
relative digestibility of the supplement and pasture and the
proportion of these components in the diets. The effect of
silage quality which 1is supplemented to stall feeding cows on
milk production has been recently examined (Rogers,1985). The
average digestibility of high (early closure; September,23) and
of low (late closure; October,10) quality silages were 72.5 and
67.6% respectively. The cows fed high quality silage produced
1.15 kg FCM of milk greater than those cows fed 1low quality

silage, but the liveweight changes were similar.
2.1.3.4 Stage of lactation and level of production

Response in milk output to increased supplement input has
been suggested to decline as lactation advance (Broster and
Thomas,1981) since more energy intake is partitioned towards the
liveweight and less to milk with advancing lactation. Recent
works by Phillips and Leaver (1985a) and Stockdale et al.(1985)
also reported a decrease in milk yield per kgDM suppleﬁent eaten
as lactation advance. However, this effect was not observed by
Jennings and Holmes (1984) and Phillips and Leaver (1985b)

supplementing with concentrate and silage respectively.
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Marginal response (kg FCM/kgDM supplement) can be
increased by the milk potential of the cows. Coulon et
al.(1987) reported a marginal response of 0.6, 1.2 and 1.6 for
cows of a potential of milk yield of 26 kg, 26-29 kg and >29 kg
respectively. High yielding cows showed a greater response not
only in milk production but also in liveweight gain to
supplementation than low yielding cows (Phillips and

Leaver,1985a).
2.1.4 Effects on Liveweight and Body Condition Score.

Many trials have shown that on most occasions, supplements
reduced liveweight 1loss or even increased liveweight gain
depending on those factors outlined in the previous topics
(2.1.1 and 2.1.3). Bryant and Trigg (1982) reviewed many short
term trials and showed the benefit for 1.0 kgDM of supplement
consumed of 150 grm/kgDM reduction in liveweight loss in early

lactation.

The effect of supplementation on liveweight changes is not
always reported. However, Hutton and Parker (1966), 'King and
Stockdale (1981) and Bryant and Trigg (1982) have observed a
corresponding tendency for greater increases in liveweight gains

due to supplements, when the overall level of feeding increased.
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Type of supplement is unlikely to affect the response in
liveweight change. Its quality and quantity rather than its
type do affect 1liveweight and condition score change. The
absence of positive effect on liveweight change per unit
consumed as hay at very high HA in the trials of Stockdale et
al.(1981) was mainly due to the relatively low digestibility of

hay compared with pasture offered and to very high substitution

rate as well.

Any effect of supplementation on milk response is 1likely
to be adversely affected by liveweight gain because the
partition of energy consumed between milk and liveweight has a
negative relationship. In early lactation, for example, more
energy intake is partitioned to produce milk and less to
liveweight gain but as lactation advance this shows reverse

effect.
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2.2 EFFECTS OF LEVEL OF FEEDING IN EARLY LACTATION.

At a given level of feeding in early lactation, cows lower
in liveweight or body condition score at calving produce less
milk than cows calving at higher liveweight or condition score
(Grainger et al.,1982). The liveweight or body condigion at
calving rather than the rate of change in liveweight or
condition score prior to calving is the more important factor
affecting future production (Rogers et al.,1979; Grainger et
al.,1982; King et al.,1985). Neither the type of diet nor the
level of feeding precalvimg had a measurable influence on
subsequent milk yield, milk composition or liveweight if the

cows calve at similar weight or condition score (Hutton,1972;

Rogers et al.,1981).

Changes in level of feeding are reflected in both milk
output of the cow and in changes in body weight. Underfeeding
in early lactation, for example, resulted in a reduction in milk
yield, liveweight and condition score, and in an alteration of
milk composition, not only during the time of underfeeding
(immediate effect) but the later stage after underfeeding
(carryover effect) (Broster,1971,1972; Grainger et al.,1982;
Broster and Broster,1984; Broster et al.,1984; Stockdale et

al.,1987).



17
2.2.1 Effects on Milk Yield and Composition.
2.2.1.1 Immediate effect

Underfeeding in early lactation reduced yield and altered
the composition of milk. Bryant and Trigg (1982) summarised
several trials from Australia and New Zealand and concluded that
on average a 38% restriction of DM intake resulted in a 247%
reduction in milk fat yield. This can be expressed in
quantitative terms that a decrease in DM intake 1.0 kg caused a
decrease in 39 grm milk fat. The extent of this decrease is
proportional to the duration and severity of under feeding
(Bryant and Trigg,1979; Grainger and Wilhelms,1979). In
addition, the response to change in level of feeding in milk
yield is greater at low levels of feeding than at higher levels,
is greater in higher than in lower yielding cows and is lower in
mid-late lactation than in early lactation (Broster et al.,1981;
Broster and Broster,1984). Of interest 1is however that good
feeding after calving will not entirely compensate for poor
feeding prior to calving if the cows calve in low body condition
score (Bryant,1980; Grainger et al.,1982; Tre;cher et
al.,1986). Although a positive interaction between body
condition at calving and feeding level in week 1-5 for milk and
milk fat yield (20 weeks) was observed by Grainger et al.

(1982).
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Immediate effects of feeding level on milk composition are
small, however, considering that those summarised by Bryant and
Trigg (1982) are the result of about a 40% reduction in DM
intake. These authors also concluded that underfeeding in early
lactation had an unpredictable effect on the concentration of
fat, but generally reduced the concentration of protein and

solid-not-fat in milk.
2.2.1.2 Carryover effect

The effect of underfeeding in early lactation on
subsequent milk yield and composition have been reviewed
(Broster,1972; Bryant and Trigg,1982; Broster and

Broster,1984).

Recent works in New Zealand, Hutton and Parker (1973),
Bryant and Trigg (1979) and Glassey et al. (1980) all found no
significant residual effect on yields of underfeeding in early
lactation. However, from New Zealand and Australian trials,
Bryant and Trigg (1982) reported an average residual effect
which was 0.5 times, or less, the immmediate éffect of
underfeeding in early lactation. Compared with recent works in
the UK and Scotland, no residual effect (Combellas and
Hodgson,1979; Blair et al.,1981; Baker et al.,1982), small and
moderate carryover effect, up to 0.5-0.7 times the immediate
effect (Wood and Newcomb,1976; Johnson, 1977; Le Du et

al.,1979) wvere observed.
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These results contrasted to the early information from New
Zealand (Wallace,1957; Patchell,1957) and the UK (Broster,1972)
which carryover effect was three or more times the immediate
effect. The contrasting results may be attributed to the
variation in the duration and severity of underfeeding, genetic
merit, cow condition and more important the subsequent level of

feeding.

Data on subsequent effects on milk composition have been
shown to be inconclusive. Flux and Patchell (1957) reported a
residual fall in milk fat concentration following underfeeding
in early 1lactation whereas Grainger and Wilhelms (1979) did not
find this, despite an apparent effect from current feeding.
Broster (1972) summarised some early evidence showing residual
effect on protein and lactose concentrations in the milk. More
recent works (Steen and Gordon,1980a,b; Glassey et al.,1980)

indicate no residual effect on milk composition.
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2.2.2 Effects on Liveweight and/or Body Condition Score.
2.2.2.1 Immediate effect

Underfeeding in early lactation generally reduced body
weight and condition score (Bryant and Trigg,1979; Grainger et
al.,1982). An average of 174 grm extra liveweight, with a range
of 27-570 grm, was associated with an extra 1 kgDM intake in
Australian and New Zealand trials summarised by Bryant and Trigg
(1982). The variability of response may be attributed to
differences in the extent of partitioning of feed between milk
and body gain. Cows calving in low body condition, for example,
will use a greater proportion of the feed for liveweight gain
but a small proportion for milk production than those with
higher body condition at calving. Also as a cow approaches its
potential milk production therefore an increasing proportion of
the extra feed consumed will be partitioned towards liveweight
gain and thus more feed will be required to produce an extra

milk production.

It should also note that at a given level of iﬁtake the
greater the yield potential of the cow the smaller the body gain
and in conformity with this, the greater the partition of
additional nutrients to milk than to body by the high yielding

cow (Broster et al.,1975).
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2.2.2.2 Carryover effect

The previous less generously fed cows in early lactation
gained more weight in mid 1lactation than did the previously
better fed cows (Bryant and Trigg,1979; Grainger and
Wilhelms,1979; Stockdale et al.,1981). This occurred with
equal diets in mid lactation as well as with restricted grazing.
Grainger et al. (1982) reported that improved feeding in week
1-5 of 1lactation conserved body tissues, but better body
condition at calving was associated with greater body 1loss in
this period. In weeks 6-20 on equal feeding, change in body
condition score was inversely proportional to feeding level in
weeks 1-5 and the cows 1in better body condition at calving
continued to lose more condition score. Broster and Thomas
(1981) reviewed 46 trials and concluded that the previous less
generously fed cows gained 0.15 kg/day more weight in mid

lactation than those well fed throughout.
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2.3 FACTORS CONTROLLING HERBAGE INTAKE BY GRAZING DAIRY COWS.

2.3.1 Voluntary Food Intake.

Food intake and its variation is one of the major factors
determining level and efficiency of animal production from
pasture (Bines,1979; Hodgson, 1982; Leaver,1985). The
principles of food intake control which have been studied mainly
under indoor feeding condition are assumed to be applied to
grazing animals with certain limitations (Arnold,1970), although
food intake by grazing animals will be affected by many other

factors by which stall-fed animals are not affected.

Voluntary food intake of animals is influenced by two main
factors, metabolic factors - factors which influence the animal

requirements for nutrients and its ability to metabolise

absorbed nutrients, and physical factors - factors which
influence the animal’s ability to consume the feed, to
accommodate and digest it in the digestive tract
(Baumgardt,1970; Bines,1971). For grazing animals the
regulation of food intake is determined .by the

inter-relationship between these two factors and behavioural

factors (Hodgson,1977).
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2.3.1.1 Metabolic factors.

The control of food intake can be considered as a
component of the homeostatic regulation of energy balance
between the animal and its environment (Baumgardt,1970; Baile
and Forbes,1974; Baile and McLaughlin,1987). 1In general the
animal attempts to maintain a constant energy balance by
changing food intake in proportion to its energy requirement and
its altered physiological and environmental circumstances (Baile

and Forbes,1974).

Physiological control involve the potential feedback of
the end products of digestion and metabolism to neural receptors
in the brain. The receptor sites for the feedback control
system which inform the brain about the nutritional state of the
body apparently originate in the gastrointestinal tract,
hepatic-portal system, adipose tissue and/or peripheral and

cerebrospinal fluid (Baumgardt,1970; Forbes,1980).

Volatile fatty acids rather than glucose are the main
products of energy digestion in ruminants and aré possible
components of food intake regulation system (Baile and
Mayer,1970; Bines,1971; Van Soest,1982). Propionate and
acetate are recognised as possible ‘feedback signals of satiety
in ruminants (Baile and Mayer,1970) whereas butyrate is less
important. The role of 1lactate 1is controversial, probably

depressing the motility of the stomach (Forbes,1980).



24

It has been suggested that the fall in rumen pH is
involved in the cessation of feeding (Kaufmann,1976), although,
as for the free fatty acids (Baile and Forbes,1974) in the short
term, there is little information to show if they are a cause

rather than an effect of changes in feeding.

2.3.1.2 Physical factors.
-

Food intake of ruminants is restricted primarily by rumen
capacity since it is evident that ruminants fed bulky and
fibrous feeds may stop eating before they have consumed
sufficient nutrients to obtain the dietary energy required by
their genetic potential for production (Campling,1970;
Bines,1971; Meijs,1981). The physical limitation is related to
the distention of the reticulorumen and rate of disappearance of

digesta from the reticulorumen.

Distention of the reticulorumen

Ruminants fed a large proportion of roughage consume to a
constant rumen fill (Campling,1970). The size of thé rumen is
partly determined by the size of abdominal cavity, which appears
to be limited in the extent to which it can stretch
(Bines,1971). However, the rumen capacity can be affected by
foetal enlargement and fat deposition within the abdominal
cavity which suggested that reduced the extension of the
reticulorumen and this is associated with a reduced intake by

animals(Forbes,1980). There are stretch receptors in the rumen




25

wall but the exact mechanism of transmission still remains
unknown. The probable mechanism can be by discomfort, by
stimulation of the humoral intake regulating factors or by

mechanism of rumination (Van Soest,1982).

The physical limitation of space in the gastro-intestinal
tract implies that volume rather than mass is of importance
(Raymond, 1969; Waldo,1986). Physical controls are primarily
related to the capacity of the digestive tract (Freer,1981), to
the fibre content of the feeds and to the rate of degradation
and passage, therefore the indigestible fraction of the DM is

the major physical factor limiting intake (Chase,1985).

In addition physical properties of feed will influence
quantities eaten at meals and patterns of eating. Higher
density grains, for example, are likely to be consumed in large
amounts in meals with 1low frequency, while low density straw
diets are likely to be eaten in more frequent meals of small

amounts (Baile,1975).

However, the role of gut fill as control mechaniém of food
intake is still controversial, and it has been associated with
the type of diet. Some authors (Bines and Davey,1970) reported
a limitation to food intake by gut capacity in cows fed mixed
diet, whereas others (Waldo,1986) considered that herbage intake

is not limited by small or large intestines.
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Rate of disappearance of digesta

The rate of digesta passing from the reticulorumen depends
on the chemical composition of the feed, the rate at which the
feed is broken down physically (mastication and rumination) and
chemically (microbial and enzymatic digestion), the capacity of
muscular contraction of the gut and the size of the
reticulo-omasal orifice (Meijs,1981; Ulyatt et al.,1985).
Retention of feed in the reticulorumen allows substantial
microbial fermentation to take place, with over 60%Z of OM
digestion occurring in the reticulorumen (Ulyatt et al.,1985).
Retention time is influenced by a number of dietary factors such
as the amount of feed consumed, forage physical form,

forage:grain ratios, fibre content and physical nature of the

fibre (Freer,1981; Shaver et al.,1986).

Factors which are involved in the movement of particles
from reticulorumen include size of particles, density of
particles, rate of particle reduction, cell wall content of the
feed, hydration time, pH and osmotic pressure, strength and
frequency of ruminal and abomasal contraction (Sﬂaver et

al.,1986).
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Undigested material can merely pass through the
reticulo-omasal orifice after being reduced to fine particles
(<2.0 mm). The size of particle is relatively insensitive to
changes in digestibility, physical form of the feed, intake,
type of pasture or liveweight of the animal. The amount of
material passed per contraction of the reticulum rather than the

particle size has been suggested to be probably more important.
2.3.1.3 Behavioural factors.

Daily herbage intake (I) of a grazing animal can be
influenced by behavioural factors. The amount of daily herbage
intake by a grazing animal is determined by the time spent
grazing per day (GT, minutes), the amount of herbage consumed
per bite (IB, gDM or gOM/bite) and the rate of biting per minute
of grazing time (RB, bite/minute) (Allden and Whittaker,1970).
Thus:

I = GT x RB x IB.
The variation in IB is usually greater than variations in either
RB or GT (Stobbs,1973; Hodgson,1981) and appears to be the most
sensitive component to variations in sward conditions (bulk
density, sward height, 1leaf/stem strength, sward structure).
Since any compensating changes in RB or GT are usually limited,
IB is likely to be a major determinant of daily herbage intake

(Leaver,1985, Hodgson, 1985).
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The GT for a cow rarely exceeds 10 - 12 hours/day
(Leaver,1985; Poppi et al.,1987), otherwise grazing would
interfere with rumination time and other behavioural
requirements. In the short term, the rate of herbage intake per
minute of grazing time (RB x IB) falls steadily with increasing
proximity of the grazed horizon to the ground level

(Hodgson,1977).

The effect of supplementation has been reported to reduce
GT between 9-38 minutes/kgDM for grazing cows supplemented with
concentrates (Sarker and Holmes, 1974; Journet and
Demarquilly,1979; Arriga-Jordan and Holmes,1986), silage

(Phillips and Leaver,1985b), or hay (Phillips and Leaver,1985a).
2.3.2 Pasture Factors.
2.3.2.1 Herbage mass.

Herbage mass is important for continuously grazed stock
because it effectively controls the quantity of herbage
available for grazing each day whereas herbage allowance is more

important for rotationally grazed cows.

Increases in herbage mass per unit area have been reported
to cause increases in daily herbage intake (Hodgson,1975;
Jamieson and Hodgson,1979; Stockdale and King,1983; Zoby and
Holmes,1983; Forbes and Hodgson,1985, Stockdale,1985), while

other studies have reported decreases or no change (Hodgson et
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al.,1977; Reardon,1977; Bartholomew it al.,1981;
Hodgson,1977; Meijs,1982). However, many examples have shown
the relationship between herbage mass and herbage intake to be
asymptotic (Hodgson,1977; Combellas and Hodgson,1979; Hodgson
and Jamieson,1981; Meijs,1982). Such relationship indicates a
constant increase in intake, if the response is linear, or a
declining incremental increase, if the response is curvilinear,
to a point - the asymtote - beyond which there is no further
increase in intake. This decline in herbage intake, or total
lack of any further increase beyond the asymtote is generally
related to the decrease in herbage quality (Meijs,1981;

Stockdale,1985) associated with pasture aging.

However, at a given level of herbage allowance, herbage
intake is unlikely to be affected by the variation of herbage
mass offered to lactating cows (Holmes,1987) or dry cows (Holmes
et al.,1979). Combellas and Hodgson (1979) with lactating cows,
confirmed the early finding of Reardon (1977) with steers that
herbage intake was not affected by herbage mass within the range
of 2,000-4,000 kgDM/ha but above this range intake declined

progressively.
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2.3.2.2 Herbage allowance.

For rotationally grazed stock herbage allowance (HA) has
been shown to be an important determinant of the herbage intake
and consequently of the animal performance of lactating cows
(Combellas and Hodgson,1979; Le Du et al.,1979; Bryant,1980;
Glassey et al.,1980; King and Stockdale,1984; Mitchell, 1985;
Stockdale,1985), or non-lactating cows (Holmes and

McLenaghan, 1980; Ngarmsak,1982).

The relationship between HA and herbage intake, and
between HA and animal performance have been suggested to be
asymptotic (Combellas and Hodgson,1979; Bryant,1980). Herbage
OM intake approaches maximum at an allowance 4 times greater
than the amount actually consumed (Hodgson,1976), but only
starts to decline markedly when HA is less than twice intake for
lactating cows (Le Du et al.,1979). In contrast to the former,
Combellas and Hodgson (1979) reported that herbage intake of
grazing cows was near maximal when grazing efficiency, defined
as herbage intake expressed as a proportion of the herbage

allowance, was 50% or less.

Associated with increase in HA is an increase in residual
herbage mass (RHM), and HA or RHM can be used to indicate
herbage intake (Le Du et al.,1979; Holmes,1987). The effect of
HA can be affected by pasture species (Stockdale,1985), herbage
mass (Combellas and Hodgson,1979), season (Holmes,1987) and

quality (Hoogendoorn,1987). To avoid part of that variability
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Butler et al.(1987) suggested that HA should be expressed in

terms of green leaf allowance.
2.3.2.3 Herbage digestibility.

As a general principle, digestibility is a satisfactory
way of examining nutritive value and its influence on the amount
of food intake by an animal (Hodgson,1977). It will be
determined by the pasture species present, stage of growth and
management imposed wupon it (Baker,1976). Factors affecting the
digestibility have been reviewed in detail by many authors

(Raymond,1969; Reid et al.,1980; Minson,1982).

Digestibility is a major determinant of pasture quality.
Consequently it can affect animal performance (Holmes,1987).
Hodgson (1977) showed a linear and constant rate of increase 1in
herbage intake over a range of digestibilities up to OM
digestibilities of 80-837% for grazing animals. However, in most
experiments quoted by Hodgson (1977), digestibility was
confounded by changes in season and time of year, and also by
the physiological state of the cow. The relatioﬂship is
therefore imprecise and it is not a good predictor. The
differences in animal response are related to the differences in
the site of digestion of the protein and organic matter
(Poppi,1983). It seems that the effect of digestibility on
herbage intake is related to rate of passage of feed through the

digestive tract.
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2.3.3 Animal Factors.
2.3.3.1 Size, liveweight, body condition, age and genotype.

The size of the animal is «critical in determining the
volume of the abdominal cavity which is related to rumen
capacity (Bines,1979; Meijs,1981). 1In addition, the size and
liveweight of grazing animals are highly correlated. Voluntary
intake is therefore positively related to liveweight. However,
for adult animals 1liveweight could be an imprecise scaler with
respect to body size because of gut fill or fat content although
it is generally reported that the heavier animal eats more

(Bines,1976,1979; Meijs,1981).

The relationship between feed intake and liveweight may be
affected by the confounding effect of the frame size and body
condition. For example, at any given size for animals the
fatter they are the heavier they are, therefore, intake is often
inversely correlated with body weight (Forbes,1986). It is also
evident that, at a comparable liveweight, thin cow at calving

ate more than fat cows.

The age of the cow influences its feed intake in addition
to any consequent effect of age on body weight. Feed intake
increases as animal grows, but not in direct proportion to

liveweight (Forbes,1986).
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The variation in feed intake associated with genotype can
be explained by differences in body weight and in level of milk
production (Owen,1988). For grazing cows, high breeding index
(HBI) cows ate more feed (6-20%) during part of lactation than
did low breeding index (LBI) cows (Holmes and McMillan,1982).
Of interest 1is to note that Friesians HBI were lighter than LBI

0-75 yhereas Jerseys HBI were

but ate more feed per cow or per kg
heavier than LBI but ate more feed per cow or per kg°'75 (Holmes

et al.,1985; Bryant,1985).

2.3.3.2 Effect of pregnancy.

During pregnancy the volume and nutrient demand of the
conceptus progressively increase and the dam’s endocrine status
changes (Forbes,1970,1971). Increases in intake in early and
mid pregnancy (Forbes,1971; Bines,1971,1976) might be caused by
increases in metabolic rate, by the growth of the heifer, by a
possible increase in the rate of passage of the feed, by the
energy requirement of the developing foetus or by elevated

progesterone levels in the blood.




34

It is generally accepted that the intake falls as
parturition approaches regardless of the type of diet
(Forbes,1971; Journet and Remond,1976; Meijs,1981). A decline
of 0.2 kgDM/week during the last 6 weeks of pregnancy was found
by Journet and Remond (1976). The decline in intake at this
stage was probably due to a reduction in volume of the abdominal
cavity caused by physical compression of the uterus on the rumen
(Baile and Forbes,1974; Bines,1979), and/or abdominal fat and

endrocrine changes (Forbes,1971).
2.3.3.3 Effect of lactation

Many reports have shown that lactating cows ate more than
non-lactating cows (Hutton,1963; Leaver £t al.,1968;
Bines,1976; Hodgson,1977), regardless of type of diet. On
average lactating cows consumed 42% more than non-lactating cows
of the same 1liveweight (ARC,1980), although the effect of
pregnancy was probably confounded in some reports. It has been
suggested that the apparent greater intake was probably due to

hypertrophy of the alimentary tract (Leaver,1985) or to hormonal

differences (Freer,1981).

Most studies of the feed intake in lactating animals have
shown that there was a positive relationship between the level
of milk production and feed intake (Bines et al.,1977;
ARC,1980; MAFF,1984). Feed intake and milk production show a
different pattern of variation over the lactation. Milk

production rises rapidly immediately after parturition and
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usually reaches a peak between days 35-50, and thereafter
declines steadily whereas food intake increases to reach a peak
at an average of 16 weeks after parturition (Bines,1976,1979),
developing a lag of energy intake balance whose reasons are
incompletely established (Meijs,1981). It has been suggested
that the factors are of physical origin (Bines,1976), abdominal
fat (Journet and Remond,1976), delay of hypertrophy of gut wall,
liver (Bines,1979), alimentary tract or endocrinological factors

(Meijs,1981).

Taking the whole lactation period, however, feed intake is
likely to show a positive relationship to lactation milk yield,
although other complicating effects may cloud this relationship
(Owen,1988). Over a lactation, multiple regression studies
indicate that when other factors are taken into account, for
each increase of 1 kg in lactation yield the dry matter intake

of the cow increased by 0.5 kg (ARC,1980).

2.3.4 Effect of Supplementary Feeding

In general, the feeding of supplements causes decreases in
the quantity of herbage eaten, due to the so-called substitution
of one feed to the other. These effects have been discussed in

detail in 2.1.1.
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2.4 OBJECTIVES OF THE STUDY

Supplementary feeds commonly fed on dairy farms in New
Zealand are hay and silage. Animal response from such feeds is
generally low because the supplements are of 1low quality. A
wide variety of grains and balanced concentrates have been used
in many experiments overseas to investigate the feasible
economic response, particularly in the 1long terms. Although
animal response in the short term has often been shown to be
uneconomic, when carryover response 1is taken into account,

concentrate supplement may be justified.

The present study was carried out to assess the effect of
concentrate supplementation in early lactation for spring
calving cows on herbage consumption, residual herbage mass,
total intake of DM and ME, milk production and composition, and

liveweight and body condition score change.



CHAPTER 3: MATERIALS AND METHODS
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3 MATERIALS AND METHODS.

The experiment was conducted at Massey University’s Dairy
Research Unit, Palmerston North, New Zealand, for 14 weeks

during September-December 1987.

The unit is a seasonal supply farm of 48 ha, divided into
60 paddocks each of approximately 0.8 ha. The soil type is a
Tokomaru silt loam, consisting of a 15-30 cm layer of heavy silt
overlying a mottled clay loam. All paddocks have been drained
with tiles and moles and are topdressed annually with 350 kg
potassic superphosphate and 50-100 kg urea per hectare. The
surplus grass during the year 1is conserved as silage (early

conservation) or hay (late conservation).

The common abbreviations used in this thesis are given in

Table.3.1.
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Table 3.1.Common Abbreviations

LW

CS

HA

HM

RHM

DMI

IB

RB

GT

DM

DMD

OMD

DOMD

GE

DE

ME

MEI

SEM

Liveweight

Body condition score

Daily herbage allowance
Herbage mass

Residual herbage mass

Dry matter intake

Intake per bite

Rate of biting

Grazing time

Dry matter

Dry matter digestibility
Organic matter digestibility
Digestible organic matter in the dry matter
Gross energy

Digestible energy
Metabolisable energy
Metabolisable energy intake

Standard error of means
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3.1 PRE-EXPERIMENTAL CONDITIONS.

3.1.1 Climatological Data

Climatological data during the experiment are given in

Table 3.2.

Table 3.2.Climatological data throughout the experiment

Month Rainfall Air temp.(°C) R.H. Sunshine
(mm/month) Max. Min. (%) (hrs/24 hrs)
September 67.1 15.2 7.1 79 4.1
(79.2) (14.9) (7.0) (79) (4.2)
October 93.1 17.4 8.6 72 5.1
(80.2) (16.5) (8.4) (76) (5.0)
November 62.3 19.6 11.3 74 6.6
(70.8) (18.7) (10.0) (74) (5.7)
December 95.8 21.0 12.6 76 4.8
(100.5) (20.8) (11.9) (73) | (6.2)

() average 30 years data up to the recent year.

Source - Grassland Division. DSIR. Palmerston North.
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3.1.2 Animals and Treatments.

The experiment comprised two groups of dairy cows, one
group being fed pasture only (PF) and the other group being
supplemented with concentrates (CF). 15 pairs of monozygous
(identical) twins were used and each twin allotted to the two
treatments, PF and CF. Details of the cows used in the

experiment are given in Table 3.3.

Table.3.3.Data for the cows at the start of the experiment.

Mean values for:- PF CF
Calving date 19/8/87 24/8/87
Days in lactation 27+2 22+3
Milk yield (kg/cow/day) 17.3+1.6 15.2+1.2
Fat yield (kg/cow/day) 0.82+0.05 0.75+0.04
Protein yield (kg/cow/day) 0.65+0.05 0.59+0.04
Lactose yield (kg/cow/day) 0.87+0.08 0.76+0.06
Fat concentration (%) 5.0+0.2 5.1+0.3
Protein concentration (%) 3.9+0.1 3.9;0.2
Lactose concentration (%) 5.1+0.05 5.0+0.05
Liveweight (kg) 359+15 347+16
Condition Score (units) 4.9+40.2 4.340.2

Data shown were means+SE.
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3.1.3 Animal, Sward and Feed Managements.

The experimental description is summarised in Table.3.4.

Table.3.4.Summary of experimental description.
Before the start -All cows grazed together with main herd, at
of the experiment generous herbage allowance.
Day 0-29 -All cows grazed as a group on pasture
(Day O = 14/9/87) restricted to approximately 20 kgDM/cow/day
HA. Concentrates were given to CF cows.
Day 30-43 -Experimemtal cows grazed in two separate
(The Experimental groups, at approximately 20 kgDM/cow/day HA.
Period I) Concentrates were given to CF cows.
Day 44-68 -Experimental cows returned to graze with
main herd at generous allowance.
Concentrates were given to CF cows.
Day 69-78 -Experimental cows grazed in two separate
(The Experimental groups, at approx.25 kgDM herbage allowance.
Period II) Concentrates were given to CF cows.
Day 79-92 -Experimental cows returned to graze with
main herd at generous allowance.
Concentrates were given to CF cows until day
92 then concentrate feeding was ceased.
Day 92 onwards -Cow performance was recorded for further 6

weeks.
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Before the start of the experiment, the cows wvere
generously fed with the main herd by day and night paddocks.
They were then fed as a group on pasture restricted to
approximately 20 kgDM/cow HA. At the same time the CF cows were
gradually introduced to concentrates, and allowed to adjust to
the allotted rations for 29 days. For the next 14 days
(Experimental Period 1I) the cows were separately fed as CF and
PF groups at an imposed allowance (approximately 20
kgDM/cow/day) and data were collected to determine animal
response due to treatments. Following the Experimental Period
I, all cows were generously fed with the main herd for a further
25 days. The trial was then repeated for a further 10 days, but
at an allowance of approximately 25 kgDM/cow/day (Experimental
Period II). The data on animal performance was collected for
further 6 weeks following the cessation of concentrate feeding

to determine the residual effect.

During the two Experimental Periods, each group of cows
was given a fresh strip of pasture once daily, after the morning
milking. Each paddock used was longitudinally divided into two
equal areas, one for each treatment group. These ageas vere
further subdivided into 4 to 6 breaks depending on size of
paddocks and estimated herbage mass. Each break was occupied by
either the PF or CF groups daily, and back-grazing was prevented

by means of an electric fence.
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The concentrate supplement was offered daily in communal
troughs, immediately after each milking. The cows were allowed
access to concentrate for approximately 1 hr before they
returned to pasture. The quantities offered and left uneaten
were weighed at every feeding period, so that the quantities

consumed could be calculated.

3.1.4 Pastures and Concentrates.

The pastures used during the experiment comprised mainly

perennial ryegrass (Lolium perenne) and white clover (Trifolium

repens) with a small proportion of cocksfoot (Dactylis

glomerata), phalaris (Phalaris tuberosa) and prairie grass

(Bromus catharticus).

The area used to conduct the experiment was 4.6 ha divided

into 5 paddocks.

The initial concentrate fed to the CF cows comprised
mainly maize, wheat and oats, but consumption was low.
Therefore it was necessary to change the concentr%te to a
mixture of commercial meal (Harvey’s farm dairy meal) and ground
oats in a ratio of approximately 2:1, which resulted in
satisfactory consumption. Ground oats was used in the mixture

as part of another experiment which was studying the flavour of

milk.
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3.2 MEASUREMENTS.
3.2.1 Feed Measurements.

The pasture was cut before and after grazing on 10
occasions during the whole experiment. The technique adopted
(Walters and Evans, 1979) on each occasion involved cutting 10
quadrats (0.1875 m’ each) to ground level for each treatment. A
sheep shearing hand piece powered by a mobile petrol motor was
used to cut the herbage samples. This operation was always made
by the same operator, to minimise the wvariability associated

with the technique (Thomson, 1986).

After cutting, the samples were washed to remove soil
contamination and dried at 70-80°C for 36 hrs for dry matter
determination. A subsample bulked from each pre-grazing cutting

at each period was collected for chemical analysis.

The concentrate samples were taken from two consecutive
days weekly (two samples each day). The samples from each two
weeks from the start of the experiment to the end of the
experiment were bulked and were then subsampled for gross energy

and chemical analyses.
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Samples of concentrates and dried herbage were ground
through a 1-mm screen and were then subjected to analyses for:
a) Gross energy concentration - kJ/kg - (Adiabatic
Calorimeter Bomb),
b) Total nitrogen concentration - g/kg - (Kjeldahl),
c) Ash concentration - g/kg - (500°C/24 hours),

d) In vitro digestibility (Roughan and Holland, 1977).

Calculation of crude protein was made by using the
commonly-accepted equation that:
CP = 6.25N
where

CP

Crude protein (%)

=
1]

N concentration in the dry matter (%).

Calculation of metabolisable energy was made by using the
assumption of MAFF (1975) that:

M/D = 0.16DOMD

where
M/D = ME concentration in the dry matter.
DOMD = Digestible organic matter in the dry matter from

in vitro analyses.

For the supplemented diets, it was assumed that there was

no interaction between the two feeds.
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3.2.2 Animal Measurements.

Daily herbage allowance, pre-grazing herbage mass,
residual herbage mass and degree of defoliation were used as
defined by Hodgson (1979). The daily metabolisable energy
allowance was defined as the total ME offered in the diet to the

cows, expressed as MJME/cow/day.

3.2.2.1 Intake

The average amount of pasture consumed by each cow of each
group was estimated as the difference between the pre-grazing
herbage mass and tﬁe residual herbage mass, multiplied by the
area allocated daily and divided by the number of cows grazing
during that time. It was expressed as kgDM/cow/day for dry
matter and MJME/cow/day for metabolisable energy. Substitution
rate was defined as the change (units) in intake of pasture when
the animal consumed one unit of concentrate. It was expressed

in dry matter (kgDM) or metabolisable energy (MJME).

3.2.2.2 Liveweight

Cows were weighed on two consecutive days immediately
prior to the start of the experiment. Subsequently, they were
weighed fortnightly after morning milking throughout the
experiment. The liveweight change was defined as the difference

in liveweight between the start and the end of the experiment.
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3.2.2.3 Body condition

Body condition score for each cow was assessed at the same
time as the liveweight. The score system used was that reported
by Scott et al. (1980), with a range of 1-10. The scores of
the two consecutive days were averaged at the start of the

experiment.

3.2.2.4 Milk production and composition

Throughout the experiment, of 14 weeks, individual morning
and evening milk yields were recorded on two consecutive days
each week. However, during Periods I and II, of 14 and 10 days
respectively, individual morning and evening milk yields were
recorded on 9 and 8 days respectively. Aliquot milk samples
were taken at this time for analysis of milk compositions wusing

Milkoscan 140 A/B (Foss electric, Denmark).
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3.3 STATISTICAL ANALYSIS.

All data were analysed using the Statistic Analysis System

(SAS) computing package (SAS Institute, 1985).

Sward (HM, RHM, HA), intake (DMI, MEI, substitution rate
of the DM and ME) and liveweight and body condition change data

were analysed using analysis of variance (Steel and Torrie,

1986).

The model used to define the above data were:

Yig =M+ 3, + &

where

Yag = the observation on the j*" individual exposed to the

i*" treatment. i=1,2; j=1,2,...,15.

u = the unknown population mean.
a; = the effect of the i*? treatment.
€, = the random error associated with the j*® individual

exposed to the i*" treatment. It is assumed that o

is normally distributed with mean O and variance o' .



49

Yields of milk, milk fat, protein and lactose, and milk

compositions

were analysed using the repeated measurement

analysis of covariance (Finn,1974) as the following model.

where

Ypij

2 b oL 3
pij P ip P pij

the observation on the j*" individual measured in
the p*® week and belonging to the i*® treatment.
i=1,2. j=1,2,...,15. p=1,2.

the overall mean together with the effect of the

pth week.

the effect of i*" treatment in the p'" week.
regression coefficient of Yig on X in the pth?
week.

the initial observation on the j*" individual in

th treatment.

the i
random residual effects, which are assumed to be
identically and independently distributed within

the p*® week, but there being covariance across

weeks.
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ight and body condition score were analysed using
of covariance (Steel and Torrie, 1986) as the

del.

the observation on the j*® individual exposed to the
it? treatment. i=1,2. j=1,2,...,15.

the unknown population mean.

the effect of the i*" treatment.

regression coefficient associated with Xy
pre-experimental performance of the jth cow exposed
to the i*® treament.

the random error associated with the j*" individual
exposed to the i*" treatment. It is assumed that
€ is normally distributed with mean 0O and

variance o .

The following symbols will be used throughout this thesis

to determine

means.

*% %

**

NS

the 1level of significance of differences between

Significant difference at the probability < 0.001
Significant difference at the probability < 0.01
Significant difference at the probability < 0.05

Not significant difference.



CHAPTER 4: RESULTS
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4 RESULTS

4.1 CHEMICAL ANALYSIS AND GROSS ENERGY DETERMINATION OF THE

FEEDS.

The Gross energy and chemical analysis of the feeds (+SEM)
used in the experiment are given in Table 4.1. and shows the
digestibility and energy level of the concentrate to be
noticeably higher than the herbage. Digestibility of the
herbage in Period I also appeared to be higher than in Period

II.

Table 4.1.Data for the analyses of feeds used in the experiment
(SEM)".
in vitro GE ME
———————————————— (MIJME/ (MJME/
Type of feeds 7%DM Z%DMD ZOMD %ZDOMD %CP ZASH kgDM) kgDM)
Concentrates 86.6 82.6 84.5 77.1 11.4 5.85 18.3 82493

(0.1) (0.4) (0.3) (0.4) (0.3) (0.5) (0.1) (0.1)

Herbage
Period I - 73.1 77.3 67.1 15.7 11.4 18.0 10.7
Period II - 68.2 73.8 63.5 14.0 11.4 18.2 10.2

* Standard error of the mean
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4.2 SWARD CHARACTERISTICS

4.2.1 Pregrazing Conditions

There was little variation in pregrazing pasture mass
between paddocks within each period, being 3180+16 and 4378+107
kgDM/ha for Period I and Period II respectively. The pregrazing
herbage mass (HM) in each area allocated to the PF and CF cows
in both periods was not significantly different (p>0.05). Mean
values and results of ANOVA for the amounts of HM for the two

treatments in two periods are given in Table 4.2.

Table 4.2.Mean values and results of ANOVA for the amounts of
pregrazing pasture mass (kgDM/ha) for the two

treatments in Periods I and II.

Period I Period II
Pd.N2 PF CF SEM Sig. Pd.N? PF CF SEM Sig.
1 2641 2681 4 4537 4558
2 3537 3429 5 4434 3984

3 3413 3383

MEAN 3197 3164 370 NS 4486 4271 292 NS
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As shown in Table 4.3., the amounts of daily herbage
allowance were not significantly (p>0.05) different between PF
and CF treatments in both periods. However, the total DM
offered to CF cows was significantly (p<0.001 in Period I,
p<0.05 in Period II) greater than that given to PF cows in both

periods due to the additional concentrate in the CF treatment.

The calculated stocking density in Period I was 163

cows/ha/day whereas this value was 185 cows/ha/day in Period II.

Table 4.3.Mean values and results of ANOVA for the amounts of
herbage, concentrate and total DM allowance for the

two treatments in Periods I and II (kgDM/cow/day).

Period I Period II
PF CF SEM Sig PF CF SEM Sig
DM allowance
As pasture 19.6 19.4 1.0 NS 24.4 22.9 1.7 NS
As concentrate - 6.9 - 6.9

Total DM

allowance 19.6 26.3 1.0 **x% 24.4 29.8 1.7 *
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The daily amounts of herbage ME, concentrate ME and total
ME offered to the PF and CF groups in Periods I and II are shown
in Table 4.4. There were no significant (p>0.05) differences in
herbage ME allowance between the two groups in both periods. 1In
contrast, total ME allowance for the CF cows were significantly
(p<0.001 and p<0.01 in Periods I and II respectively) higher
than for the PF cows in both periods, due to the additional

concentrate ME offered to the former cows.

Table 4.4.Mean values and results of ANOVA for the amounts of
ME offered from herbage, concentrate and total ME
allowance (MJME/cow/day) for the two treatments in

Periods I and II.

Period I Period II
PF CF SEM Sig PF CF SEM Sig
ME allowance
As pasture 210 208 11 NS 249 233 18 NS
As concentrate - 85 - 85

Total ME

allowance 210 293 11 **x% 249 318 18 **
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4.2.2 Herbage Intake.

The mean values for the amounts of herbage, concentrate
and total DM consumed by the different groups in each period are
presented in Table 4.5. Herbage consumption was significantly
(p<0.05 and p<0.01 in Periods I and II respectively) depressed
by the supplementation with concentrate in both periods. It was
decreased by 1.8 and 3.2 kgDM/cow/day in Periods I and II
respectively. The intake of concentrate supplement was similar

in both periods.

Calculated substitution rates in Periods I and II were
0.27 and 0.48 kgDM decrease in herbage intake per kgDM increase

in concentrate consumed respectively.

Total DM intakes were significantly (p<0.001 in both
periods) higher in CF group than in PF group in both periods,
because of concentrate DM eaten, and despite the reduced pasture
intake. In Period I, total DM intake of the CF group was 4.9
kg/day higher than the PF group and 3.5 kg/day higher in Period
II. The consumption of 1 kgDM concentrate increased .total DM
intakes by 0.73 and 0.52 kg/day in Periods I and II respectively

(Table 4.7).
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Table 4.5.Mean values and results of ANOVA for the amounts of
DM consumed from the pasture, concentrate and total
apparent DM intake (kgDM/cow/day) for the two

treatments in Periods I and II.

Period I Period II
PF CF SEM Sig PF CF SEM Sig
Apparent DM intake:
As pasture 11.8 10.0 0.7 * 12.2 9.0 0.8 **
As concentrate = 6.7 = 6.7
Substitution rate 0.27 0.48
Total DM intake 11.8 16.7 0.7 *%x*% 12.2 15.7 0.8 **x%

The calculated mean values for the daily amounts of ME
consumed from the herbage, concentrate and total ME consumed
(MJ/cow) by the two groups in Periods I and II are shown in

Table 4.6.

Due to the decreases in herbage DM intakes, the ME
consumption as pasture was significantly (p<0.05 and p<0.01 in
Periods I and II respectively) decreased by the supplementation
of concentrate in both periods. The reduction in herbage ME
intake of the CF cows were 19 MJ/cow in Period I and 32 MJ/cow

in Period II.
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The ME intakes as concentrate were similar in  both
periods. The total apparent ME consumed was significantly
(p<0.001 in both periods) greater in the CF group than in the PF
group in both periods. The increment in total ME consumed were
64 and 51 MJ/day which corresponded to 77 and 61 % of the ME
consumed as concentrate in Periods I and II respectively. In
other words, the consumption of 1 MJME as concentrate resulted
in increased total ME consumed by O0.77 and 0.61 MJ/day in

Periods I and II respectively (Table 4.7).

Table 4.6.Mean values and results of ANOVA for the amounts of
the ME consumed from the herbage, concentrate and
total ME consumed (MJ/cow/day) for the two treatments

in Periods I and II.

Period I Period II
PF CF SEM Sig PF CF SEM Sig
ME intake:
As pasture 126 107 8 * 124 92 8 *x
As concentrate - 83 - 83

Total ME intake 126 190 8  xxX 124 175 8 *kk
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Table 4.7.Increase in total DM and ME intakes caused by the
consumption of 1 kgDM or 1 MIJME as concentrates in

Periods I and II.

kgDM/kgDM as concentrate MJME/MJIME as concentrate
Period I Period II Period I Period II
0.73 0.52 0.77 0.61



59

4.2.3 Residual Herbage Mass.

Values for individual paddocks and mean values for
residual herbage mass (RHM) are given in Table 4.8. There was
no significant differences in the RHM between the two treatments
in both periods (1305 vs 1569 kgDM/ha in Period I, 2255 vs 2654

kgDM/ha in Period II).

The mean values for the degree of defoliation are also
given in Table 4.8. The degree of defoliation was depressed by
the supplementation with concentrate. It was decreased by 12%
and 137 wunits in Periods I and II respectively, but these

differences were not significant.
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Table 4.8.Mean values and results of ANOVA for the amounts of
residual herbage mass (RHM, kgDM/ha) for the two

treatments in Periods I and II.

Period I Period II
Pd.N? PF CF SEM Sig. Pd.N¢ PF CF SEM Sig
1 1087 1432 4 2152 2847
2 1768 2031 5) 2358 2461
c) 1059 1569
MEAN 1305 1569 332 NS 2255 2654 219 NS
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4.3 ANIMAL PERFORMANCES.

4.3.1 General.

The data for the cows at the start of the experiment are
given in the previous chapter (See Table 3.1). The results
reported in the following tables were adjusted using the initial
statistics as covariates. Initial milk, milk fat, milk protein
and milk lactose yields were used as covariates in the
statistical analysis of subsequent yields of milk, milk fat,
milk  protein and milk lactose respectively. Subsequent
concentrations of fat, protein and lactose were also analysed

using their initial concentrations as covariates.
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4.3.2 Yields of Milk, Milk Fat, Milk Protein and Milk Lactose.

Table 4.9 shows the yields of milk, milk fat, milk protein

and milk lactose for the treatment groups for the two periods.

Concentrate feeding significantly increased milk (p<0.01),
milk protein (p<0.001) and milk lactose (p<0.0l1) yields during
the two experimental periods. The daily response was 0.33 and
0.48 kg milk, 0.02 and 0.03 kg of milk protein, and 0.02 and
0.03 kg of milk lactose per kgDM of concentrate consumed in
Periods I and II respectively. Concentrate feeding had no
effect on the yield of milk fat during Period I. However, it
increased the yield of milk fat (p<0.05) during the Experimental

Period II.

There was a significant effect of time on all yields in
Period I whereas this significance only appeared on milk and
lactose yields in Period II. There was an interaction between

time and group effect (Table 4.9).

The significance of the time effect and its interaction

with group suggests that the significant difference between

treatments was not constant with time.

Residual effect No residual effect on yields of milk, fat,

protein and lactose was observed in week 1 following the
cessation of concentrate feeding (Table 4.9, Figures 4.1, 4.2,

4.3 and 4.4).
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Table 4.9.Yields of milk, milk fat, milk protein and milk
lactose (kg/cow/day) for the two treatment groups in

Periods I and II.

PFS CF$ SEM Group Time Time*Group

Milk
Period I 12.8 15.0 0.4 *% *k ok *k ok
Period II 11.7 14.9 0.7 *% *k *x
Week? 1 13.1  14.1 0.7 NS

Milk fat
Period I 0.623 0.685 0.033 NS *x *x
Period II 0.576 0.711 0.047 * NS NS
Week? 1 0.666 0.706 0.036 NS

Milk protein
Period I 0.446 0.580 0.020 * ko Kok Kok
Period II 0.421 0.595 0.033 kK NS NS
Week? 1 0.491 0.540 0.026 NS

Milk lactose
Period I 0.639 0.765 0.033 * % okok *kk
Period II 0.570 0.761 0.046 ok * *
Veek? 1 0.652 0.717 0.039 NS

adjusted values using initial corresponding yields as
covariates

Week'! after the cessation of concentrate feeding.
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4.3.3 Milk Composition.

The concentration of milk fat, milk protein and milk
lactose for the two treatments for the two periods are given in

Table 4.10.

Concentrate feeding had no effect on milk fat and milk
lactose concentrations in both periods. However, concentration
of milk protein was significantly (p<0.001) increased by
concentrate supplements in both periods. There was no

interaction between time and group effects.

Residual effect No residual effect on milk fat and milk lactose

concentration was observed a week after the cessation of
concentrate feeding. However, residual effect on milk protein
concentration was observed in week 1, but not in week 2 after
concentrate feeding ceased (Table 4.10 and Figure 4.5, 4.6 and

4.7).



Table 4.10. Concentrations of

fat, protein

65

and lactose (%) for

the two treatment groups in Periods I and IT.

Group Time Time*Group

PFS
Milk fat (%)
Period I 4.89
Period II 5.04
Week? 1 5.21
Milk protein (%)
Period I 3.53
Period II 3.70
Veek?® 1 3.74
Week? 2 3.71
Milk lactose (%)
Period I 5.04
Period II 5.00
Veek® 1 5.02

NS

NS

NS

NS

NS

NS

NS

NS

NS

adjusted values using

covariates.

CFS$
4.79 0.
4.94 0
5.22 O
3.99 0
4.07 O
3.92 0
3.71 0
5.09 O
5.04 O.
5.09 O.
initial

SEM

15 NS
.20 NS
.18 NS
.09 *okk
.08 *kok
.06 *
.10 NS
.04 NS
04 NS
03 NS

corresponding

composition as

Week'" after the cessation of concentrate feeding.
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4.3.4 Liveweight and Body Condition Score.

The mean values for the initial 1liveweight, the final
liveweight adjusted for initial weight, liveweight change, the
initial score, the final condition score adjusted for initial

score and change in condition score are given in Table 4.11.

The final liveweight was significantly (p<0.0l1) increased
by the supplementation with concentrate. Both PF and CF cows
gained weight but the gain in liveweight of the CF cows was
significantly (p<0.01) higher than the PF cows. There was also
a significant (p<0.01) difference in the final CS between the
two groups. Cows with no supplement lost body condition score
whereas cows with supplement gained body condition score. There
was a significant (p<0.001) difference in changes in body

condition score between the two groups (Table 4.11).

The relationship between changes in liveweight and body
condition score 1is shown in Figure 4.8. Trends in liveweight
change and body condition score change are also shown in Figures

4.9 and 4.10 respectively.
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Table 4.11.Mean values and results of ANOVA for the initial and
final liveweight (kg/cow), the initial and final body
condition score (units), liveweight change (g/day)
and condition score change (units/month) for the two

treatment groups in Periods I and II.

PF CF SEM Level of sig.
Initial LW (kg) 359 347 22 NS
Final LWS(kg) 365 379 5 **
LW change (g/day) +122 +282 14 *x
between initial
and final LW
Initial CS 4.9 4.3 0.2 NS
Final CS* 4.4 5.2 0.2 *k
CS change -0.1 +0.2 0.02 *kk

(CS/month)

Sadjusted using initial weight or condition score as a covariate
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Figure 4.2 Effect of concentrate supplementation on milk fat yield
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Figure 4.3 Effect of concentrate supplementation on milk protein yield

0.9+
0.8 +

& PF
0.7 + ' © CF

yield of milk
protein
(kg/cow/day)

=

0.5 +

0.4+ = |
Concentrate Exp. . Exp. i End of concentrate
introducing period : period feeding
period I o ; ;
0.3 N NS ST W S5 TASERE W U SO WU . T RSOT S N SV M. NS WO WS S S

0 1 2 3 4 5 6 7 8 9 10 11 12 13 44 15 16 17 18
weeks

g 2

0L



Figure 4.4 Effect of concentrate supplementation on milk lactose yield
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Figure 4.5 Effect of concentrate supplementation on concentration of milk fat
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Figure 4.6 Effect of concentrate supplementation on concentration of milk protein
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Figure 4.7 Effect of concentrate supplementation on concentration of milk lactose
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Figure 4.8 Relationship between changes in live weight and changes
in body condition score over 14 weeks of experiment
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Figure 4.9 Trend in liveweight change over the experimental period
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Figure 4.10 Trend in body condition score change over the experimental period

’ " .
e[) o CF
I
|
— o PF
units 4.5 ¢
\\
e
d
A _ _ end of
start of eriod p>9”0d concentrate
|experiment ‘ | | | I | | feeding
4 ; f i f f i i f I !
0 2 4 6 8 10 12 14 16 18 20

LL



Plate 4.1 Effect of concentrate supplementation on residual
herbage mass (a) unsupplemented group
(b) supplemented group.




Plate 4.2 Effect of concentrate supplementation on residual
herbage mass (a) unsupplemented group
(b) supplemented group (closed up).




CHAPTER 5: DISCUSSION
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5 DISCUSSION
5.1 EFFECT OF CONCENTRATE SUPPLEMENTATION ON HERBAGE INTAKE.
5.1.1 Measurement of Herbage Intake.

Herbage intake was measured by the sward cutting technique
which also provides information on the herbage mass and
allowance. The sward cutting technique had another advantage
which was that the measurement technique was unaffected by
concentrate supplementation, in contrast to methods based on
indigestible marker technique (Milne et al.,1981). The major
disadvantage of the technique was that it obtained only mean
intake estimates for groups of cows, in case of group grazing as
in the present study, and the labour input was high. Cutting to
ground level had the advantage that no herbage could be grazed
below the cutting level which resulted in an increase in
accuracy of intake measurement (Meijs,1982), although sampling

errors were the major determinant of accuracy.

Mean pregrazing herbage mass in Periods I and iI, being
3180 and 4378 kgDM/ha (Table 4.2), could be considered to be in
the range of values (2,000-4,000 kgDM/ha) within which it was
suggested that DM intake was wunaffected by herbage mass
(Combellas and Hodgson,1979; Meijs,1981; Holmes, 1987),
although herbage mass in Period II was slightly higher than this

range.
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The higher mass (by 1,200 kgDM/ha) in Period II than in
Period I can be attributed to the rapid growth rate rather than
the maturity since there was no difference between the period of
paddock closing (37+2 and 40+4 days in Periods I and II
respectively). It 1is 1likely that higher mass in association
with a reduction in digestibility (Table 4.1) reflected the
maturity of pasture. However, such negative relationship may

not always be caused by the period of regrowth.

A decrease in digestibility, which is regarded as one of
the factors influencing intake (Hodgson et al.,1977), in Period
IT is probably due to a low proportion of legume to grass, a low
proportion of leaf to stem or to a high proportion of dead
materials. It may also be caused by the combination of these
factors since all paddocks had been 1laxly grazed during the
early period of growing season and such grazing pattern has been
suggested to result in a reduction in the proportion of legume
(L’Huiller,1987), in a 1low proportion of leaf to stem
(Hall,1973; Baars et al.,1981), in a high proportion of dead
materials (Hoogendoorn,1987) and, of importance, in a reduction
of quality (Korte et al.,1984; Sheath and Booﬁ,1985a,b;
Hoogendoorn,1987). The apparent corresponding 1low values for
crude protein percentage in both periods were probably reflected
by these factors as well. Unfortunately, morphological and
botanical composition of pasture were not determined in the
present study, therefore the clear reason can not be further

explained.
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5.1.2 Herbage Intake and Substitution Rate.

Combellas and Hodgson (1979) reported that herbage intake
of grazing cows was near maximum when grazing efficiency,
defined as herbage intake expressed as a proportion of the
herbage allowance, was 50% or less. Grazing efficiencies of 60%
and 52% for the Periods I and II, respectively, in the present
study would be likely to indicate intake restriction. In other
words, herbage allowance of 20 and 25 kgDM/cow/day used in the
present study are below the 1levels generally associated with

maximum intake (Holmes,1987).

Grazing trials with lactating cows in early lactation have
shown that concentrate feeding reduced herbage consumption
(Jenning and Holmes,1984; Meijs and Hoekstra,1984;
Arriga-Jordan and Holmes, 1986; Meijs,1986;
Stakelum,1986a,b,c). The substitution rates varied between 0.03
and 0.79 kgDM/kg concentrate DM eaten. The wvariation in
substitution rates could be explained by differences in herbage
digestibility, levels of concentrate feeding, restricted access
to herbage causing low herbage intake. Leaver et .gl.(1969)
reported substitution rate of 0.55 kg of herbage OM/kg
concentrate OM consumed at restricted grazing with dairy cows.
Meijs and Hoekstra (1984) suggested that the effect of
concentrate feeding on herbage intake of grazing cows depends on

the level of daily herbage allowance.
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The average substitution rate found in the present study
was 0.37 kgDM/kgDM concentrates (Table 4.5) and the average
increase in intake was 0.69 MJME/MIME concentrate (Table 4.6).
These are similar to the average values from a wide range of
experiments (0.35 kgDM/kgDM concentrate and 0.79 MIJME/MJME

concentrate respectively, Table 5.1)

Increases in substitution rates with increasing the level
of concentrate intake have been reviewed in =zero grazing
(Meijs,1981), although others did not found this relationship in
indoor trials (Taparia and Davey, 1970; Tayler and
Wilkinson,1972) or in grazing trials (Meijs and Hoekstra,1984).
The present study did not design to compare different levels of

concentrate intake.

Meijs (1986) fed high or 1low quality concentrate to
grazing cows in early 1lactation and estimated average herbage
intake of unsupplemented cows of 12.05 kgDM/cow/day. Mean
substitution rate when feeding 5.3 kgDM from concentrate was
0.33 which is similar to the present study. The early work of
Leaver et al.(1969), in a trial comparing grazing gystems in
which unsupplemented cows were consuming 12.0 kg herbage OM,
reported a mean substitution rate of 0.55 kg/kg concentrate with
3.64 kg concentrate fed. Intake estimates, however, were
measured by animal-based techniques. Faecal output was
predicted by chromic oxide feeding and digestibility of herbage
intake was estimated by nitrogen regression. No allowance was

made for the effect of the supplement on herbage digestibility.
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Additionally, the supplemented cows were offered more herbage
than the wunsupplemented cows and, therefore, herbage allowance

was confounded with the concentrate effect.

Meijs and Hoekstra (1984) suggested that daily herbage
allowance rather than the level of concentrate consumed was the
major factor determining the effect of concentrate on herbage
intake of the grazing cows. They predicted increases 1in
substitution rate from 0.11 to 0.69 when herbage allowance
increased from 15 to 30 kgOM/cow/day. Similar results were
obtained with concentrate feeding to grazing cows
(Stakelum,1986b,c; Grainger,1987). The only supplementation
trial known with strip-grazed dairy cows at a low allowance has
been reported by Leaver et al.(1969) which has been mentioned
earlier. The possible reasons for describing the lower
subtitution rate at a low allowance have previously been given.
In the present study, although the two measurement periods
differed in herbage allowance, they also differed in other
factors. In addition, the present experiment was not designed
to determine effects of herbage allowance, therefore the effect
of different allowance on substitution rate could not be

compared.

5.1.3 Explanation of Reduced Herbage Intake.

The reasons for reduction in herbage intake when

concentrates were fed are not fully understood. It is probable

that metabolic control, physical limitation or the combination
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of two mechanisms may cause such reduction. However, this can
probably be considered to be due to the physical control dealing
with rumen capacity and rate of disappearance of digesta, and to
metabolic limitation. Forbes (1983) has suggested several
models for describing the effect of concentrate input upon
voluntary intake of cows dealing with metabolic control and
physical limitation. In the former case, he expected that
concentrates would displace roughage in proportion to their ME
concentration. This leads however to calculated substitution
rates of greater than 1 for most typical forages, which are
never seen, even with low yielding cows. Reduction in herbage
intake in the present study 1is wunlikely to be caused by
metabolic control since the apparent ME intake by the CF cows
was greater than their calculated ME requirements, (with
requirements for maintenance, milk production and liveweight

gain included, Table 5.5).

When physical limitation is considered, which is nearly
always the case of grazing cows, Forbes (1983) suggested that
concentrates would displace forage in the proportion to the
space occupied by the two feeds and also suggested thaf the best
readily available is cell wall contents, neutral detergent
fibre. Using the typical value of 250 and 650 g/kgDM for
concentrates and forage respectively (Forbes,1983), this gives a
substitution rate of 0.38, which is similar to the values
recorded in the present study. The reduction in herbage intake
in the present study is more likely to be caused by physical

limitation.
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Table 5.1.Changes in intake of pasture and residual herbage mass
per unit of additional Hay, Silage and Concentrate
expressed as kgDM / kg supplement DM, MJIME / MJIME

supplement or kgDM/ha by grazing cows.

Details HA® IS* Ih' sr‘ ATDMI® ATMEI”™ ARHM”

Hay

Eldridge and Low 2.1 5.7 0.10 +0.90 +0.76 ”
Kat (1980) High 2.4 4.3 0.50 +0.50 +0.38 -
Dry cows

Stockdale et al. 22.4 5.7 7.9 0.32 +0.67 - +310
(1981) 34.1 4.3 10.3 0.27 +0.73 - +470
Early lact.

Phillips and E Low 1.5 13.4 0.40 +0.60 +0.47 -
Leaver (1985a) High 1.3 14.0 0.15 +0.85 +0.80 -
Two stocking M Low 1.7 12.2 0.76 +0.24 +0.07 -

rates. High 1.5 12.2 0.47 +0.53 +0.43 -
Set stocking. L. Low 1.8 9.1 0.22 +0.78 +0.75 -

High 1.6 10.0 0.00 +1.00 +0.93 -

Wills and Holmes 9.1 5.0 8.1 0.28 +0.72 +0.54 +387

(1988) Dry cows 13.4 5.0 10.5 0.40 +0.60 +0.35  +387



Silage
Bryant (1978)
Wilted, Mid

lactation.

Bryant and Trigg
(1982), Wilted,

Early lact.

Phillips and E
Leaver (1985b)
Set stocking,
Same HA at L

same period.

20.0

20.0

15.0

15.0

12.

12.

12.

10.

10.

.36

.36

.33

.42

.30

.85

.91

.68

.73

+0.

+0.

+0.

+0.

+0.

+0.

+0.

+0.

64

64

67

58

.30

15

09

32

27

+0.

+0.

+0.

+0.

70

70

67

58

.50

.00

.06

.32

.27

+560

+490

+170

+390

87

Concentrate
Sarker and Holmes

(1974) Dry cows.

Jenning and
Holmes (1984),
Two concentrate

energy.

Low
Low
High

High

12.

12.

12.

12.

.57

.47

.43

.03

.13

.15

.32

+0.

+0.

+0.

+0.

+0.

+0.

+0.

43

53

57

97

87

85

68

+0.

+0.

+0.

+0.

97

88

85

70



Meijs and
Hoekstra (1984)
Two Exps.Two HA.

Early lact.

Stockdale and

Trigg (1985)

Arriga-Jordan
and Holmes
(1986) Two

grazing systems.

Meijs (1986),

High or Low

Stakelum (1986a)

Late lact.

16.2

24.6

24.3
17.3
24.7
16.2

24.0

16.0
25.8
14.9
26.6
15.2

26.3

CG

SG

28.0

28.0

14.3

21.3

11.

14.

11.

15.

11.

14.

11.

15.

10.

10.

10.

18.

15.

11.

12.

12.

16.

.06

4817

.08

.79

.10

.70

.21

.65

.00

.94

.00

.43

.23

.30

.36

.13

.45

.21

59

.28

+0.

+0.

+0.

+0.

+0.

+0.

+0.

+0.

+1.

+0.

+1.

+0.

+0.

+0.

+0.

+0.

+0.

+0.

+0.

+0.

63

92

21

90

30

79

35

00

06

00

57

77

70

64

87

55

79

41

72

+0.64

+0.86

+0.60

+0.81

+50
+320
-110
+320
+460

+330

+291

+338

88
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Stakelum (1986b) 13. 178 .37 +0.63 - -
Early lact. 20m 15). .43 +0.57 - ~
Stakelum (1986c¢) 14. 11. .33 +0.67 - ~
Mid lact. 21. 15 .68 +0.32 - -
Grianger (1987) 8. 6. .00 +1.00 - +9

15/ 11. .27 +0.73 - +124
381 15, .69  +0.31 - +111
MEAN (Concs) 20 12. .35 +0.65 +0.79 +245
Present study 19 1518 .27 +0.76 +0.77 +264
23. ily)8 .48  +0.56  +0.61 +399
MEAN 21 128 .37  +0.65 +0.69 +331
"HA Daily herbage allowance (kgDM/cow/day).
IE, Supplement intake (kgDM/cow/day).
Lk Herbage intake (kgDM/cow/day) by unsupplemented cows.
S Substitution rate (kgDM/kgDM supplement consumed).

OTDMI Change in total DM intake (kgDM/kgDM supplement consumed)

OTMEI Change in total ME intake (MJME/MIME supplement consumed)

ARHM Change in residual herbage mass (kgDM/ha).
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5.1.4 Effect on Residual Herbage Mass.

RHM was increased by concentrate feeding although the
increases (264 and 399 kgDM/ha in Periods I and II respectively)
vere not statistically significant. Since RHM is the
consequence of the difference between pregrazing herbage mass
and herbage intake, increases in RHM 1in both periods were
presumably caused by reductions in herbage intake due to
concentrate supplementation. This effect of supplementation on
RHM had been observed by several workers as shown in Table 5.1,
for different type of supplements and for different

physiological stage of the animals.

Stakelum (1986a), at allowances of 14.3 and 21va3
kgDM/cow/day, reported substitution rates of 0.55 and 0.28
kgDM/kg concentrate DM and consequently supplemented cows left
291 and 338 kgDM/ha higher than  unsupplemented cows
respectively. A comparable finding was reported by Stockdale
and Trigg (1985) for the high allowance (26 kgDM/cow/day), with
1.8, 3.6 and 6.3 kgDM concentrate supplementation. The results
of the present study corresponded very well with.the above

trials.

It can be considered that the change in RHM depends on the
change in herbage intake (kgDM/cow) and the stocking rate
(cows/ha). For -example, in Period I, change in herbage intake
was 1.8 kgDM/cow and the number of cows/ha was 163. Using these

values, it can be calculated the change in RHM of 293 kgDM/ha
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which closes to the value obtained from sward cutting technique
(264 kgDM/ha, Table 4.5). Similar calculation can also be done

for Period II.

Supplementation with concentrate caused pasture sparing
effect, which might be utilised at a later grazing.
Supplemented cows in the present study left 264 and 399 kgDM
RHM/ha in Periods I and II respectively greater than
unsupplemented cows, when the amount of concentrate consumed was
1092 and 1240 kgDM/ha in Periods I and II respectively. From
the above figures, substitution rate can be calculated as
264/1092 = 0.24 and 399/1240 = 0.32 kgDM/kg concentrate DM
consumed for Periods I and II respectively. The amount of RHM
left due to supplementation represents an average 3450 MJ ME/ha.
If all RHM left would subsequently be utilised, approximately
690 kg of milk or approximately 100 kg of gain would be produced
from that amount of RHM/ha. However such RHM is not always

utilised and the pasture may become aged and be of low quality.

In addition to an increase in RHM due to concentrate
supplementation, there was also an evidence that feeding of
concentrates might allow a farm to have a higher stocking rate
(Hutton,1966). In Hutton’s trial supplementation with 1250 kgDM
concentrate per hectare during early lactation allowed stocking
rate to increase from 3.75 cows/ha to 5 «cows/ha without any
effect on per cow production but milk fat per hectare was
increased from 470 kg to 616 kg over the whole lactation period

of 37 weeks.
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The increase in RHM due to concentrate supplementation
could increase the amount of pasture growth in the subsequent
period (Brougham,1970; Hoogendoorn,l1987) due to a higher leaf
area index (LAI). However a higher herbage mass would result in
swards having a greater percentage of reproductive tillers
during the experimental period (spring), and thus a greater
percentage of stem and consequently a greater percentage of
scenescent matter, all of which would reduce the quality of
herbage (Hoogendoorn,1987). The recommended level of RHM which
not only give a reasonable net herbage accumulation rate but
give a high leafy, quality pasture in spring and subsequent
period, notably early summer, was approximately 1600 kgDM/ha
(Hoogendoorn,1987) while the 2200 kgDM/ha suggested by Thomson
(1985) seems rather high. In the present study the RHM of the
CF treatment in Period I was close to Hoogendoorn recommended
level (1569 kgDM/ha) but in Period II it was much greater (2650
kgDM/ha) which would result in swards having a low quality in

the subsequent period.

Supplementation reduced the degree of defoliation by 12
and 13% in Periods I and II respectively, following.the trend
reported by Bryant and Trigg (1982) and Stockdale and Trigg
(1985), although this effect was also influenced by the level of
feeding, type of supplement and type of animal, reflecting the

level of substitution of supplement for herbage.
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5.2 EFFECT OF CONCENTRATE SUPPLEMENTATION ON MILK PRODUCTION AND

COMPOSITION.
5.2.1 Milk Yield

The prime objective of the present study was to determine
the effect of concentrate supplementation on animal performance.
Although most experiments have always reported the response in
terms of kg milk per kg concentrate DM eaten (Table 5.2), the
response in terms of kg milk per kg extra DM eaten will also be
included in the present study (Table 5.4) since it will give a
measure of the response which can be interpretted in biological

terms.

Concentrate supplementation increased yields of milk and
its constituents in the present study, except for fat yield in
Period I. Cows consumed similar amount of concentrates of 6.7
kgDM produced 17% and 27% more milk than unsupplemented cows, in
Periods I and II respectively. The mean response to 1 kgDM
concentrate consumption was 0.33 and 0.48 kg milk in Periods I
and II respectively (average 0.40 kg of milk per kg céncentrate
DM, Table 4.9), which were in the range of responses reported by
Leaver et al.(1968) and those summarised in Table 5.2 (0.32 and
0.68 kg milk/kgDM concentrate respectively). In the experiments
reviewved by Leaver et al.(1968) the mean response in milk yield
was 0.32 kg/kg increase in concentrate DM. Journet and
Demarquilly (1979) reviewed ten experiments where cows were

initially yielding over 25 kg/day milk, and showed the mean
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response in milk yield of 0.4 kg milk/kg of additional
concentrate. The present results are generally similar to those

reported in the literature.
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Table 5.2 Change in yields of milk (kg/kgDM supplement) and its

constituents (grm/kgDM supplement) per unit of

additional Hay, Silage or Concentrate to grazing cows.

Reference Responses
and Exp. S T S T
details Milk Fat Prot.Lact.
Hay SNF
Stockdale 30 9. 9. .25 -0.83 +29 -28
et al.(1981) 29 9. 9. .96 -0.07 +4 -5
Early lact. 25 8. 12. .24 0.00 +12 +7
22 . 13. .27 +0.10 +4 +6
15 6r: 12. .29 +0.56 +17 +49
14 6. 13. .28 +0.14 -3 +10
Phillips E HSR 13. 14. .40 +0.93 - -
and Leaver LSR 14. 15. .15 +0.92 - -
(1985a) M HSR 12. 12. .76 +1.12 - -
LSR 12. 13. .47  +0.40 - -
L HSR 9. 10. .22 +0.61 - -
LSR 10. 11. .00 +0.37 - -
MEAN (Hay) 23 10. 12. .44 +0.35 +10 +6
Silage
Bryant (1978) 20 7. 13. .36 - +19 -
Vilted 20 7. 12. .36 - +20 -




Bryant and E 15

Trigg (1982) 15

Phillips E -

and Leaver

(1985b)

12.

12.

12.

10.

10.

11.

]2,

13.

13.

L.

.33

.42

80

.85

kil

.68

+0.

+0.

29

45

.18

.25

L7

.15

+29

+23

+8

2./

+6

+8

+4

+17

96

+15

+26

=
m
>
2
~
wn
[N
—
[V
0Q
]
~
|

Concentrate
Jenning and HSR
Holmes (1984)
Early lact. LSR

Set stocking

Arriga-Jordan 33
and Holmes 22

(1986)

Stockdale and 15
Trigg (1985) 26
Late lact. 15

26
15

26

128

125,

12.

1755

18.

15k

10.

16.
16.
16.

15.

2y

19.

10.

11.

12.

12.

14.

.03

.13

.15

.32

.36

.13

.00

.94

.00

.43

.23

.30

+0.

+0.

+0.

+0.

+0.

+0.

+1.

+1.

+0.

+0.

+0.

+0.

52

67

42

48

52

50

60

20

78

83

70

55

+13

+14

+18

+4

+3

+5

+72

+56

+42

+37

+19

+24

S

+72

+28

+33

+31

+22

+24

NF

+46

+52

+36

+43

+43

+45
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Stakelum M 14 12.8 3.2 15.1 0.59 +0.61 +17 +21 -

(1986a) 21 16.9 8.2 18.2 0.28 +0.22 +2 +11 -

Stakelum E 14 12.2 3.5 14.4 0.37 +0.28 - +19 -
(1986b) 21 15.4 3.7 17.5 0.43

Stakelum L 15 11.9 3.8 15.1 0.33 +0.50 - +16 -
(1986¢) 22 15.1 3.8 16.8 0.68

Grainger 8 6.1 3.2 9.3 0.00 +0.97 - - -
(1987) 17 11.8 3.2 14.2 0.27 +0.69 - - -

Early lact. 33 15.9 3.2 16.9 0.69 +0.31 - - -

* As in Table 5.1 and

I, = Total intake of supplemented cows (kgDM/cow/day).
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However, when the response in the present study IS
expressed in terms of kg extra milk produced per kg extra DM
eaten, this represents 0.45 and 0.92 kg of milk/kg extra feed DM
eaten in Periods I and II respectively, being an average of 0.68
kg milk/kg extra DM, which is slightly lower than a mean
response summarised in Table 5.4 (0.87 kg milk/kg extra DM

eaten).

The relatively small response in milk yield to
supplementary concentrates when expressed as kg milk/kg

concentrate DM eaten, compared with response from extra feed DM

eaten which was reported in the present study (Table 4.9) and in
most experiments (Table 5.2 and 5.4) was probably due to the
fact that when concentrates were eaten the intake of herbage
decreased so that the animal’s total intake of DM was increased
by less than the quantity of concentrates eaten. This effect
may be seen in the results of experiments summarised in Table
5.1. When the mean concentrate supplement DM of 4.2 kg was
given to grazing cows and the mean substitution rate was 0.35
kgDM herbage/kgDM supplement, the total intake of DM by the cows
increased only 2.7 kgDM, representing 0.61 kg increase‘in total
DM intake/kgDM supplement. Compared with those experiments
summarised in Table 5.1, the average total DM intake of
supplemented cows increased by 4.2 kg, representing 0.65 kg
increase in total DM intake/kgDM concentrate, when 6.7 kgDM of

concentrates were consumed in the present study.
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Table 5.3 Changes in concentrations of milk constituents (%),

liveweight (grm/kgDM supplement) and body condition
score (units/month) per unit of additional Hay, Silage
or Concentrate to grazing dairy cows.

Reference Responses
and Exp. R B
details %fat  Zpro. Z%lac. LW change CS change
Héy SNF
Stockdale 1.2 9.1 +0.47 +0.37 -342 -
et al.(1981) 2.8 9.5 +0.08 +0.08 -117 -
Early lact. 5.3 12.3 +0.07 +0.05 -29 -
7.0 13.0 0.00 -0.02 +51 -
8.2 12.6 -0.04 -0.01 +12 -
9.2 13.4 -0.05 -0.01 +66 -
Phillips eSh MIG3 - - - +40 -0.01
and Leaver 1.3 sH - - - +46 +0.04
(1985a) 1.7 12.6 - - - -159 +0.01
1.5 13.0 - - - Y27 +0.04
1.8 10.5 - - - +33 +0.04
1956) M. 7 - - - +200 +0.11
MEAN (Hay) 3.6 12.3 +0.09 +0.08 -14 +0.04
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Stockdale and 1.8 9.9 -0.12 +0.15 - +51 -
Trigg 1985) 1.8 10.7 -0.04 -0.09 - -56 =
Late lact. 3.6 11.6 +0.11 +0.07 - +239 -

3.5 12.6 -0.04 +0.03 = +111 =
6.3 12.8 -0.12 +0.08 = +225 =
6.2 14.9 -0.04 +0.06 - +8 -

Stakelum 82,5151 =10 =002 - = =
(1986a) 3.2 18.2 -0.07 +0.03 - — -

Stakelum 3.5 14.4 - +0.05 - +67 -
(1986b) 89 1745

Stakelum 8118 11511 = 0.00 = = =
(1986¢) 3.8 16.8

MEAN (Conc.) 4.0 15.0 -0.05 +0.04 = +93 +0.02

Present study 6.7 16.7 -0.01 +0.07 +0.01 - -

6.7 15.7 -0.01 +0.05 +0.01 = =

MEAN 6.7 16.2 -0.01 +0.06 +0.01 +24 +0.05

* As in Table 5.1
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An animal’s response to supplementary feeding has been
shown to depend largely on the overall feeding level and on the
initial herbage intake of wunsupplemented cows (Leaver et
al.,1968; Bryant,1978; Stockdale et al.,1981; Bryant and
Trigg,1982; Stockdale and Trigg,1985; Phillips and
Leaver,1985a,b; Stakelum,1986a; Grainger,1987). Jennings and
Holmes (1984) reported the mean response in milk yield of 0.5 kg
to 1 kgDM concentrate feeding where unsupplemented cows consumed
average 12.3 kgDM of herbage and the mean total DM intake of
supplemented cows was 16.2 kg. At comparable herbage DM intake
of unsupplemented cows of 12 kg and total DM intake of
supplemented cows of 16.2 kg, the mean response in milk yield to
concentrate supplementation in the present study was 0.4 kg

milk/kgDM concentrate.

However, when the responses are expressed in terms of kg
milk/kg extra DM eaten, the response in the present study is
similar to those of Jennings and Holmes (1984), representing
0.68 and 0.60 kg of milk per kg extra DM consumed for the former

and the latter respectively.

At a comparable supplement consumption, response has been
shown to be greater at 1low than at high allowance of herbage
(Stakelum,1986,a; Grainger,1987). Grainger (1987) observed the
response of 0.97 kg milk/kg concentrate DM at very 1low herbage
allowance of 8 kgDM/cow/day, compared with a response of 0.31 kg
milk/kgDM concentrate observed at an allowance of 33

kgDM/cow/day. Greater responses, of more than 1 kg milk/kg
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concentrate DM, have observed by Gordon (1979), and Le Du and
New Berry (1982), at very low allowances. Increases in milk
yield to concentrates may be larger at low allowances than at
higher allowances when expressed as kg milk/kg concentrate eaten
(Grainger,1987; see Table 5.2). However when expressed as kg
milk/kg extra feed DM eaten, the difference in responses between
different herbage allowances may be small. This is due to
differences in substitution rate at different levels of herbage
allowance. The differences in level of herbage allowance in the
present study were imposed at different periods, therefore, milk

response between periods could not be compared.

Although a high concentrate supplement was consumed in the
present study, it is unlikely that the milk response was
affected by the relatively high level of concentrates fed. At
an average allowance of 20 kgDM/cow/day and an average herbage
intake of unsupplemented cows of 12.2 kgDM/day from seven
experiments reviewed where cows were fed an average 4.0 kgDM
concentrates, the mean response in milk yield was 0.68 kg/kgDM
concentrate (Table 5.2), representing 0.87 kg/kgDM extra eaten
(Table 5.4). In the present study, the mean response éf 0.40 kg
milk/kgDM concentrate (Table 5.2), representing 0.68 kg/kg extra
DM eaten (Table 5.4), was observed where supplemented cows
consumed 6.7 kgDM concentrate, despite at comparable HA, herbage
intake of unsupplemented cows and substitution rate to those

summarised in Table 5.1.
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Table 5.4 Changes in animal performances per kg extra feed DM

eaten by grazing dairy cows.

References Responses

and Exp. HA® Ih’ Is* It' Sr' ————————————————————————
details Milk" Fat” Pro’Lac’ LWC’

Jennings and HSR 12.6 4.0 16.5 0.03 +0.53 +13 - - +103
Holmes(1984) 12.6 4.0 16.2 0.13 +0.74 +14 - - +147
Early lact. LSR 12.0 5.0 16.4 0.15 +0.48 +18 - - +118
Set stocking 12.0 5.0 15.7 0.32 +0.65 +4 - - +95

Arriga-Jordan 33 18.1 6.0 21.2 0.36 +1.00 +6 - - +2
and Holmes 22 15.3 6.0 19.4 0.13 +0.73 +7 - - +3
(1986)

Stockdale and 15 8.0 1.8 9.9 0.00 +1.51 +68 +68 - +48

Trigg (1985) 26 10.6 1.8 10.7 0.94 - - - - -

Late lact. 15 8.0 3.6 11.6 0.00 +0.78 +42 +33 - +239
26 10.6 3.5 12.6 0.43 +1.45 +65 +54 - +194
15 8.0 6.3 12.8 0.23 +0.92 +25 +29 | - +295
26 10.6 6.2 14.9 0.30 +0.82 +35 +35 - +12

Stakelum M 14 12.8 3.2 15.1 0.59 +0.85 +24 +29 - -

(1986a) 21 16.9 3.2 18.2 0.28 +0.54  +5 +27 - -

Stakelum E 14 12.2 3.5 14.4 0.37 +0.47 - +32 - +56

(1986b) 21 15.4 3.7 17.5 0.43




Stakelum B

(1986¢)

Grainger E

(1987)

15

22

11.

15.

il.Se.

16.

.33

.68

.00

.27

.69

+1.

+0.

+0.

+0.

38
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* As in Table 5.1 and

Milk = kg of milk/kg extra feed DM eaten.

Fat, Protein, Lactose and Liveweight Change

feed DM eaten.

= 425 - -
+25 +26 - +109
+12 +27 +26 -
+38 +50 +54 -
+25 +39 +40 +38
= grm/kg extra DM
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The trial of Stockdale and Trigg (1985) even found
decreases in yield response with increasing level of concentrate
intake. It seemed probable in the present study that level of

concentrate did not affect the yield response.

Most concentrate-feeding experiments in Table 5.2 and 5.4
used cows which, at the start of the experiments, yielded more
milk than cows in the present experiment, except in the trials
of Stockdale and Trigg (1985), and Stakelum (1986a,c). Since
the high yielding cows were likely to show the greater response
to supplementary feeding than the low yielding cows (Broster and
Thomas, 1981), the higher response could therefore be achieved in

those experiments.

Mention has already been made of the relationships between
herbage allowance, total DM intake, herbage intake of
unsupplemented cows and the levels of concentrate consumed, and
the milk response to kg concentrate DM eaten or kg extra feed DM
consumed. Milk response varied according to such factors when
it is expressed per kg DM concentrate eaten. In contrast, when
it is expressed per kg extra DM eaten, it appears 'that the
response is unlikely to vary according to the factors discussed.
A reliable response can therefore be achieved by expressing in

terms of kg extra milk per kg extra feed DM consumed.
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Calculated energy balance

Despite the high additive effects of concentrate
supplement on intake (0.65 kg increase in total DM intake/kgDM
concentrate eaten) the increase in milk yield (0.68 kg milk/kg
extra feed DM eaten) was similar to the report reviewed by
Bryant and Trigg (1982) (0.5 kg milk/kg extra feed DM eaten)

when the cows have been eaten extra pasture.

Considering that supplemented cows gained more liveweight
than unsupplemented cows, when the gain in liveweight was taken
into account simple calculation showed that some 64-72% of the
increased intake of ME in Periods I and II was accounted for by
the recorded increases in milk yield and liveweight (Table 5.5),
although the data did not allow very precise accounting of

energy utilisation.

By theoretical calculation and as shown in Table 5.5, the
average efficiency with which ME is utilised above maintenance
for milk synthesis (kl) of PF cows and CF cows was 0.62 and 0.45
respectively. The apparently lower calculated efficieﬁcy of ME
utilisation for milk of supplemented cows than unsupplemented
cows may arise from many factors, including an overestimate of
ME intake, an underestimate of liveweight gain and reduced

efficiency of ME utilisation due to concentrate supplementation.
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However, An overestimate of ME intake by supplemented cows
from feed measurements was unlikely to occur since cutting
technique provided the corresponding favourable results in both
periods for calculating energy wutilisation in wunsupplemented
group in both periods. Concentrates were weighed properly

before and after feeding.

It is probable that gut fill may contribute little to an
underestimate of liveweight gain obtained by supplemented cows
and thus leading to an underestimate of ME concentration in the
gain, since weighing took place in the morning after milking and
before meal feeding, and ,by measurement, supplemented cows ate

less pasture than unsupplemented cows.

It is also probable that ME intake of supplemented cows
was less efficiently wutilised compared with the unsupplemented
cows as shown in Table 5.5. The less efficiency of wutilisation
of unsupplemented cows can be attributed that when high
concentrates were consumed, the proportion of propionate
increased and that of acetate decreased. Incorporation of
energy into tissue fat increased with a resultant depréssion in

efficiency of milk synthesis (Blaxter,1967).
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The reason for the decrease in efficiency which is the
diversion of nutrients to body tissue rather than to milk has
been confirmed by Tyrrell,1980; Baldwin and Smith,1983).
Sutton et al.(1980) also observed severe milk fat depression on
the high concentrate diets concomitant with increased tissue
energy balance, reduced milk energy output and a decrease in
efficiency of utilisation of dietary energy for milk production.
Many recent experiments also observed similar trend of less
utilised ME in concentrate supplemented cows (Jennings and

Holmes,1984; Arriga-Jordan and Holmes, 1986).
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Table 5.5 Calculated energy balance for the two treatments in

Periods I and II.

Period I Period II
PF CF PF ©)3
Total DM Intake (kg/day) 18 16.7 12432 1s5). 7
Estimated ME Intake (MJ/day) 126 190 124 175
Gain in Body Energy (MJ/day)? 4 10 4 10
ME for Maintenance (MJ/day)® 49 48 48 49
ME Available for Milk (MJ/day) 73 132 72 116
Expected Milk Energy (MJ)€ 47 86 47 75
Actual Milk Energy (MJ)¢ 45 54 43 55
Apparent Efficiency of ME
Utilisation above 0.62 0.41 0.60 0.47

Maintenance (k,)®

a Using 35 MJ/kg liveweight gain (Holmes et al.,1981).

b Using k_ 0.60 MJ/kg® 7> (Holmes et al.,1981).
m —— g ——

0

Assuming k, = 0.65.
d Calculated from actual milk yield and equation 1 (Tyrrell and
Reid,1965).

Calculated as Milk Energy/ME Available for Milk.

M
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5.2.2 Yields of Milk Constituents

In addition to the increases in milk yield, yields of milk
protein and milk lactose were increased by concentrate
supplementation. The mean response was 23 grm of milk protein
or milk lactose yield per kgDM concentrate eaten (Table 5.2).
Yield of milk fat was unaffected by supplementation in Period I
but it was in Period II, with the mean response of 20 grm
fat/kgDM concentrate. These responses were similar to those
summarised in Table 5.2. The increases in yield of milk fat by
concentrate supplementation were due to increases in milk yield
since milk fat concentration tended to be decreased. An
increase in milk protein yield was due to both increases in milk
yield and concentration of milk protein whereas an increase in
yield of milk lactose was mainly due to an increase in milk
yield since concentrate supplementation had no effect on milk

lactose concentration.
5.2.3 Residual Effect on Yields of Milk and Its Constituents.

In the present study the difference in milk yiela between
treatment groups virtually disappeared within 1 week of
cessation of concentrate feeding (Table 4.9 and Figures 4.1,
4.2, 4.3 and 4.4). The early work in New Zealand, Wallace
(1957) found the residual effect of 80% of the immediate effect
of concentrate feeding. The residual effect was greater at
unrestricted than restricted pasture intake during the

experiments. In recent Europian trials, Wood and Newcomb (1976)
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reported the immediate effect of 0.68 kg milk/kg concentrate and
a residual effect of 0.5 times the immediate effect. Comparing
a fixed amounts of concentrates over weeks 1-20, Johnson (1977)
found 1.56 kg additional milk/additional kg concentrates. This
wvas associated with little residual beneficial effect. In an
Australian experiment where a supplement of 3.5 kg maize was fed
during days 1-50 of lactation, Cowan et al.(1975) observed a
residual effect as well as an initial response in both milk and
fat production for the less severe stocking rates, but only an
initial response with no residual benefit at the most severe
stocking rate possibly because of nutritional stress. The
immediate response was 0.6 kg milk from 1 kg maize. In the
residual period the response was 0.6 times the immediate effect.
More recently, no residual effect on yields of milk and its

constituents was observed in the trials of Stakelum (1986a,b).

The absence, or the reduced size, of residual effect 1in
recent trials was probably attributed to better understanding in
husbandry, compared with in the past. In recent husbandry, body
condition at calving which was the consequence of generous
feeding before calving is of important. In addition, éows wvere
generally well fed following the supplementation in most
experiments. In the present study, like other recent trials,
cows were well fed both before and after the experiment
therefore residual effect could not be observed. The recovery
period was less than 6 days since production was sampled every 6
day interval. In conclusion, if the supply of herbage is

abundant following the cessation of supplementation, concentrate
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feeding had less, short-lived or no carryover effect on yields
of milk and its constituents, provided that cows calved in good

condition.
5.2.4 Composition of Milk.

Concentrate supplementation had no significant effect on
concentrations of milk fat and milk lactose in the present
study, although milk fat concentration tended to be decreased
and lactose concentration tended to be increased (Table 4.10).
Concentration of milk protein was increased in both periods
(Table 4.10). Although the early evidence have shown the
effects on milk composition to be small (Leaver et al.,1968) or
to be absent (Johnson,1977), many recent experiments observed
depressions in fat concentration with concentrate
supplementation (Jennings and Holmes,1984; Arriga-Jordan and
Holmes,1986; Stakelum,1986a). The depression in milk fat
concentration when concentrates were fed was suggested to be due
to an increased supply of glucogenic precursors in the form of
propionic acid and a decreased supply of 1lipogenic precursors,
namely acetic acid and butyric acid (Sutton,1981). Aﬁ increase
in supply of propionic acid has been indicated to stimulate the
synthesis of milk protein in the infusion studies, thereby
causing an increase in protein concentration (Rook and
Balch,1961). This wusually took place in association with
reduced efficiency of energy utilisation. The only trial in
which ground maize was fed observed an increase in milk protein

concentration with small increase in propionic acid (Sutton et
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al.,1980). In addition, Sutton (1981) suggested that maize was
digested more slowly than wheat and barley, and it produced a
higher ratio of acetate to propionate in the rumen and a higher

milk fat concentration.

However, the absence of a significant effect of
concentrates on milk fat concentration in the present study was
probably due to the complexity of commercial meal although it
apparently comprised mainly oats, maize, wheat and barley with
varying proportion. The varying proportion of such products of
grain may contribute to the variation in products of digestion,
notably probably higher ratio of acetate to propionate caused by

maize. Thus it prevented the depression in fat concentration.

Mention has also already been made that protein
concentration would be increased by maize therefore increased
protein concentration in the present study was probably caused
by a high proportion of maize as well as high proportion of
other cereals which produced a high proportion of glucogenic
precursors. It is also probable that other ingredients in the
concentrate mixture may be involved in the varying raté and end
products of digestion. The absence of any effect on lactose
concentration was consistent with many other findings but it is

not always separately reported from SNF concentration.

In the present study only concentration of protein showed
short-lived residual effect, in week 1 but not week 2, following

supplementation whereas concentrations of fat and lactose did
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not. The short-lived residual effect on protein concentration
was  probably reflected the significant increase in its
concentration during supplementation. Some experiments reported
no residual effect on milk composition (Stakelum,1986a,b,c).
Unfortunately, reports of a number of trials did not include

information regarding milk composition.
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5.3 EFFECT OF CONCENTRATE SUPPLEMENTATION ON LIVEWEIGHT AND

BODY CONDITION SCORE.

The pattern of liveweight change over the lactation is
well defined. Commonly there is a fall in liveweight in the
first few weeks after calving followed by a period of gain.
Supplementation has been shown to reduce liveweight loss or even
increase liveweight gain in early lactation (Broster and

Thomas,1981; Bryant and Trigg,1982).

Although supplemented cows in the present study gained on
average 160 grm/day (Table 4.11) more than unsupplemented cows,
both groups showed a similar trend of liveweight change over the
experimental period (Figure 4.9). There was a gradual fall
during week 1 and 4, thereafter both groups gained weight over
the rest period. This was in agreement with the common accepted

pattern.

The response in liveweight change due to concentrate
supplementation in the present study was 24 grm/kgDM concentrate
eaten or 38 grm/kg extra feed DM eaten, which was ﬁuch lower
than the responses summarised in Table 5.3 and 5.4, being 93

grm/kg concentrate DM eaten or 109 grm/kg eatra feed DM eaten.

Bryant and Trigg (1982) reviewed the response in 1liveweight
change to extra feed DM eaten of 150 grm/kg. The reason for the
much lower response is probably due to the underestimate of

liveweight change in the present study.
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The difference in liveweight between supplemented cows and
unsupplemented cows persisted from the cessation of concentrate
feeding through week 5 after the cessation, the last week of
measurement, thereafter. This represented the benefit which
supplemented cows obtained over unsupplemented cows. The amount
of 160 grm/day benefit during the experimental period would
probably be utilised to produce milk in the subsequent period or
in the next lactation. This was supported by the finding of
Hancock (1954) which reported an increase of 154 in milk
production from supplementary concentrate fed over 3 years under
New Zealand grazing conditions. However Cowan et al.(1975), in
Australia, examined by covariance analysis the effect of
supplementary feeding in early lactation on performance in the

subsequent lactation and reported no significant effects.

The data recorded in the present study did not allow the
utilisation of body reserve in the subsequent period to be
analysed. The benefit of liveweight and condition score would
be carried to the next lactation as cows calving in better
condition should produce more milk in lactation (Grainger et

al.,1982).




CHAPTER 6: CONCLUSION
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CONCLUSION

In Periods I and II respectively, Concentrate feeding
increased milk yield by 0.33 and 0.48 kg/kg concentrate DM eaten
or 0.45 and 0.92 kg/kg extra feed DM eaten, increased milk fat
yield by 9 and 12 grm/kg concentrate DM eaten or 12 and 38
grm/kg extra feed DM eaten, increased milk protein yield by 20
and 26 grm/kg concentrate DM eaten or 27 and 50 grm/kg extra
feed DM eaten, and increased milk lactose yield by 19 and 28
grm/kg concentrate DM eaten or 26 and 54 grm/kg extra feed DM

eaten.

Milk protein concentration was increased by 0.07 and 0.05
% per kg concentrate DM eaten but concentrate supplement had no

effect on milk fat and milk lactose concentrations.

Supplemented cows gained 24 grm/kg concentrate DM eaten or
38 grm/kg extra feed DM eaten more liveweight and gained 0.05

units/month more condition score than unsupplemented cows.

Concentrate feeding, in Periods I and II resﬁectively,
increased total DM intake by 0.73 and 0.52 kg/kgDM concentrate
eaten, increased total ME intake by 0.77 and 0.61 MJ/MIME
concentrate eaten, reduced herbage intake by 0.24 and 0.44
kgDM/kgDM concentrate eaten and increased residual herbage mass

by 264 and 399 kgDM/ha.
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The results in the present study suggest that although it
is beneficial to feed concentrate in early lactation, the
response in terms of milk energy and tissue energy is just about
half that of the expected value from energy intake. The present
study was conducted in early spring when the supply of pasture
was ample. If the pasture was in short supply, much bigger
responses would be expected. Apart from an increase in residual
herbage mass, it is clear that concentrate supplementation will
allow an increase in stocking rate and thus an increase in
production per hectare due to an increase in pasture
utilisation. In conclusion, concentrate supplementation would
be more beneficial when the supply of pasture is short,
particularly on those farms with an early calving date, or when
a farmer wishes to increase pasture utilisation by increasing
stocking rate without reducing per cow production. In the
longer term concentrate feeding might also be worthwhile due to
greater liveweight gain than in unsupplemented cows which could

be mobilised in the later stages.



CHAPTER 7: BIBLIOGRAPHY



120

BIBLIOGRAPHY
AGRICULTURAL RESEARCH COUNCIL. (1980). The nutrient
requirements of ruminants 1livestock. 2nd Edition.

Commonwealth Agricultural Bureaux, Slough, U.K. 351p.

ALLDEN, W.G. and I.A. MeD. Whittaker. (1970). The
determinants of herbage intake by grazing sheep: The
interrelationship of factors influencing herbage intake and

availability. Australian Journal of Agricultural Research.
21:755-756.

ARNOLD, G.W. (1970). Regulation of food intake in grazing
animals. p.264-276. In Physiology of Digestion and
Metabolism in the Ruminant. Edited by A.T. Phillipson.
Oriel Press. New Castle, U.K.

ARRIAGA-Jordan, C.M. and W. Holmes. (1986). The effect of
concentrate supplementation on high-yielding dairy cows
under two systems of grazing. Journal of Agricultural
Science, Cambridge. 107:453-461.

BAARS, J.A., K.T. Jagusch, C.B. Dyson and P.A. Farguhar.
(1981). Pasture production, sward dynamics under sheep
grazing. Proceedings of the New Zealand Society of Animal
Production. 41:101-111.

BAILE, C.A. and C.L. McLaughlin. (1987). Mechanisms
controlling feed intake in ruminants: A review. Journal
of Animal Science. 64:915-922.

BAILE, C.A. and J. Mayer. (1970). Hypothalamic centres:
Feed-backs and receptor sites in the short-term control of
feed intake. p.254-263. 1In Physiology of Digestion and
Metabolism in the Ruminant. Edited by A.T. Phillipson.
Oriel Press. New Castle, U.K.

BAILE, C.A. and J.M. Forbes. (1974). Control of feed intake
and regulation of energy balance in ruminants.
Physiological Reviews. 54:160-214.

BAKER, R.D. (1976). Effect of sward characteristics on herbage
intake under grazing. Occasional Symposium No.8. British
Grassland Society. p.87-92.

BAKER, R.D. (1982). Estimating herbage intake from animal
performance. p.77-94. 1In Herbage Intake Handbook. Edited
by J.D. Leaver. British Grassland Society.




121

BAKER, R.D., Y.L.P. Le Du and J.M. Baker. (1982). The
influence of winter nutrition, grazing system and stocking
rate on the performance of spring-calving Hereford X

Friesian cross and their calves. Animal Production.
34:213-224.

BALDWIN, R.L. and N.E. Smith. (1983). Adaptations of
metabolism to various conditions:milk production.

p.359-386. In Dynamic Biochemistry of Animal Production,
World Animal Science, Vol.A3, Edited by P.M. Riis.
Amsterdam: Elsevier.

BARTHOLOMEW, P.W., W. McLauchlan and D.M.B. Chestnutt.
(1981). An assessment of the influence on net herbage
accumulation, herbage composition and individual animal
performance of two lengths of grazing rotation and three
herbage allowances for grazing beef cattle. Journal of
Agricultural Science. 96:363-373.

BAUMGARDT, B.R. (1970). Regulation of feed intake and energy
balance. p.235-253. In Physiology of Digestion and
Metabolism in the Ruminant. Edited by A.T. Phillipson.
Oriel Press. New Castle, U.K.

BINES, J.A. (1971). Metabolic and physical control of food
intake in ruminants. Proceedings of the Nutrition Society.
30:16-122.

BINES, J.A. (1976). Regulation of food intake in dairy cows in
relation to milk production. Livestock Production Science.
3:115-128.

BINES, J.A. (1979). Voluntary food intake. p.23-48. In
Feeding Strategy for the High Yielding Dairy Cow. Edited
by W.H. Broster and H. Swan. Granada.

BINES, J.A. and A.VW.F. Davey. (1970). Voluntary intake,
digestion rate of passage, amount of material in the
alimentary tract and behaviour in cows receiving complete
diets containing straw and concentrates in .Jdifferent
proportions. British Journal of Nutrition. 24:1013-1028.

BINES, J.A., D.J. Napper and V.W. Johnson. (1977). Long term
effects of level of intake and diet composition on the
performance of lactating dairy cows. 2.Voluntary intake
and ration digestibility in heifers. Proceedings of the
Nutrition Society. 36:146a.

BLAIR, T., C. Thomas, W. Thomson, A.J. Golightly and D.R.
Marshall. (1981). The effect of 1level of concentrate
supplementation on silage intake and milk yield of
autumn-calving heifers and cows. Grass and Forage Science.
36:127-129.



112:2

BROSTER, W.H. (1971). The effect on milk yield of the cow of
the level of feeding before calving. Dairy Science
Abstracts. 33(4):253-270.

BROSTER, W.H. (1972). Effect on milk yield of the cow of the
level of feeding during lactation. Dairy Science
Abstracts. 34(2):265-288.

BROSTER, W.H. and C. Thomas. (1981). The influence of level
and pattern of concentrate input on milk output. p.44-69.
In Recent Advances in Animal Nutrition. Edited by W.
Haresign. Butterworth.

BROSTER, W.H. and V.J. Broster. (1984). Reviews of the
progress of dairy science: Long term effects of plane of
nutrition on the performance of the dairy cow. Journal of
Dairy Research. 51:149-196.

BROSTER, W.H., A.J. Clements and V.J. Broster. (1984).
Multiple lactation feeding of the dairy cow. World Review
of Animal Production. 20(3):61-69.

BROSTER, W.H., V.J. Broster, A.J. Clements and T. Smith.
(1981). The relationship between yield of milk solids of
dairy cows and response to change in plane of nutrition.
Journal of Agricultural Science, Cambridge. 97:643-647.

BROSTER, W.H., V.J. Broster, T. Smith and J.W. Siviter.
(1975). Experiments on the nutrition of the dairy heifer.
IX.Partition of nutrients between milk yield and body.
Journal of Agricultural Science. Cambridge. 84:173-186.

BRYANT, A.M. (1978). Summer supplementary feeding.
Proceedings of the Ruakura Farmers’ Conference. p.163.

BRYANT, A.M. (1980). Effect of herbage allowance on dairy cow
performance. Proceedings of the New Zealand Society of
Animal Production. 40:50-58.

BRYANT, A.M. (1985). Breaking the 700 kg barrier. Proceedings
of the 16th Large Herds Conference. p.24-27.

BRYANT, A.M. and C.W. Holmes. (1985). Utilisation of pasture
on dairy farms. p.48-63. In The Challenge: Efficient
Dairy Production. Edited by T.I. Phillips. Australian
Society of Animal Production.

BRYANT, A.M. and T.E. Trigg. (1979). Immediate and longer
term response of dairy cows to level of nutrition in early
lactation. Proceedings of the New Zealand Society of
Animal Production. 39:139-147.



123

BRYANT, A.M. and T.E. Trigg. (1982). The nutrition of the
grazing dairy cow in early lactation. p.185-211. 1In Dairy
Production from Pasture. Edited by K.L. MacMillan and
V.K. Taufa. New Zealand and Australian Society of Animal
Production.

BUTLER, B.M., C.J. Hoogendoorn and M.A. Richardson. (1987).
The influence of leaf allowance on animal performance in
late spring and summer. Proceedings of the 4th AAAP Animal
Science Congress. p.l174.

CAIRD, L. and W. Holmes. (1986). The prediction of voluntary
intake of grazing dairy cows. Journal of Agricultural
Science, Cambridge. 107:43-54.

CAMPLING, R.C. (1970). Physical regulation of voluntary
intake. p-226-235. In Physiology of Digestion and
Metabolism in the Ruminant. Edited by A.T. Phillipson.
Oriel Press. New Castle, U.K.

CHASE, L.E. (1985). Dry matter intake -application problems in
the field. Proceedings of the Cornell Nutrition
Conference. p.27-32.

COMBELLAS, J. and J. Hodgson. (1979). Herbage intake and
milk production by grazing dairy cows. 1.The effects of
variation in herbage mass and daily herbage allowance in a
short term trial. Grass and Forage Science. 34:209-214.

COULON, J.B., M. Petit, P. D’Hour and J.P. Carel. (1987).
The effect of level and distribution of concentrate
supplementation on performance of dairy cows. Livestock
Production Science. 17:117-133.

COWAN, R.T., I.J.R. Byford and T.H. Stoobbs. (1975). Effects
of stocking rate and energy supplementation on milk
production from tropical grass-legume pasture. Australian
Journal of Experimental Agriculture and Animal Husbandry.
15:740-746.

ELDRIDGE, G.A. and C. Kat. (1980). The effect of hay
supplementation and pasture availability on pasture
selection and substitution. Proceedings of the Australian
Society of Animal Production. 13:245-248.

FINN, J.D. (1974). A General Model for Multivariate Analysis.
Holt, Rinehart and Wnston, Inc. New York. 423 p.

FLUX, D.S. and M.R. Patchell. (1957). The effect of short
periods of undernutrition after calving on the
establishment of lactation in dairy cows. New Zealand
Journal of Science and Technology. 38A:689-695.




124

FORBES, J.M. (1970). The voluntary food intake of pregnant and
lactating rumunants. A review: British Veterinary
Journal. 126:1-11.

FORBES, J.M. (1971). Physiological changes affecting voluntary
food intake in ruminants. Proceedings of the Nutrition
Society. 30:135-142.

FORBES, J.M. (1980). Hormones and metabolites in the control
of food intakes. p.145-160. In Digestive Physiology and
Metabolism in Ruminants. Edited by Y. Ruckebusch .and P.
Thivend. MTP. Press, Lancaster.

FORBES, J.M. (1983). Effect of concentrate input on voluntary
intake. Animal Production. 36:507 Abst.

FORBES, J.M. (1986). The Voluntary Food Intake of Farm
Animals. Butterworths, London. 206 p.

FORBES, T.D.A. and J. Hodgson. (1985). Comparative studies
of the influence of sward conditions on the ingestive
behaviour of cows and sheep. Grass and Forage Science.
40:69-77.

FREER, M. (1981). The control of food intake by grazing
animals. p.105-124. In Grazing Animal. Vorld Animal
Science. Edited by F.H.VW. Morley. Elsevier Scientific
Publishing Company, Amsterdam.

GLASSEY, C.B., A.W.F. Davey and C.V. Holmes. (1980). The
effect of herbage allowance on the dry matter intake and
milk production of dairy cows. Proceedings of the New
Zealand Society of Animal Production. 40:59-63.

GORDON, F.J. (1979). Some aspects of recent research in
dairying. Ireland Grassland and Animal Production
Association Journal. 14:85-109.

GRAINGER, C. (1987). Some effects of Ellinbank grazing trials.
Dairy Exporter. 62(12):71. .

GRAINGER, C. and G.D. Wilhelms. (1979). Effect of duration
and pattern of underfeeding in early lactation on milk

production and reproduction of dairy cows. Australian
Journal of Experimental Agriculture and Animal Husbandry.
19:395-401.

GRAINGER, C., G.D. Wilhelms and A.A. McGowan. (1982). Effect
of body condition at calving and level of feeding in early
lactation on milk production of dairy cows. Australian

Journal of Experimental Agriculture and Animal Husbandry.
22:9-17.



125

HALL, A.M. (1973). The principles of pasture growth.
Dairyfarming Annual. 25:102-105.

HANCOCK, J. (1954). Studies in monozygotic cattle twins. New
Zealand Department of Agriculture Publication No.63.

HODGSON, J. (1976). The influence of grazing pressure and
stocking rate on herbage intake and animal performance.
p.93-103 In Pasture Utilisation by the Grazing Animal.
Edited by J. Hodgson. Occasional Symposium No.8. British
Grassland Society.

HODGSON, J. (1977). Factors limiting herbage intake by the
grazing animal. Proceedings of the International Meeting
on Animal Production from Temperate Grassland. An Foras,
Taluntias, Dublin. p.70-75.

HODGSON, J. (1979). Nomenclature and definitions in grazing
studies. Grass and Forage Science. 34:11-18.

HODGSON, J. (1981). Variations in the surface characteristics
of the sward and the short-term rate of herbage intake by
calves and lambs. Grass and Forage Science. 36:49-57.

HODGSON, J. (1982). Influence of sward characteristics on diet
selection and herbage intake by the grazing animal.
p.153-163. In Nutritional Limits to Animal Production from
Pasture. Edited by H.B. Hacker. Santa Lucia.

HODGSON, J. (1984). Sward conditions, herbage allowance and
animal production: an evaluation of research results.
Proceedings of the New Zealand Society of Animal
Production. 44:99-104.

HODGSON, J. (1985). The control of herbage intake in the
grazing ruminant. Proceedings of the Nutrition Society.
44:339-346.

HODGSON, J. and W.S. Jamieson (1981). Variations in herbage
mass and digestibility, and the grazing behaviour and
herbage intake of adult cattle and weaned calves. Grass
and Forage Science. 36:39-48.

HODGSON, J., J.M. Rodriguez Capriles and J.S. Fenlon. (1977).
The influence of sward characteristics on the herbage
intake of grazing calves. Journal of Agricultural Science,
Cambridge. 89:743-750.

HOLMES, C.W. (1987). Pastures for dairy cows. p.133-143. In
Feeding Livestock on Pasture. Edited by A.M. Nicol.
Occasional Publication No.10. New Zealand Society of
Animal Production.



126

HOLMES, C.W. and K.L. MacMillan. (1982). Nutritional
management of the dairy herd grazing on pasture.
p.244-274. In Dairy Production from Pasture. Edited by
K.L. MacMillan and V.K. Taufa. New Zealand Society of
Animal Production, Hamilton.

HOLMES, C.W. and R. McLenaghan. (1980). Feeding dry cows on
grazed pastures during the winter and changes in body
condition. Dairy Farming Annual. p.60-64.

HOLMES, C.W., A.W.F. Davey and C. Grainger. (1981). The
efficiency with which feed is utilised by the dairy cows.

Proceedings of the New Zealand Society of Animal
Production. 41:16-27.

HOLMES, C.W., I.M. Brookes, S. Ngarmsak, K.D. Mitchell and
A.W.F. Davey. (1985). Effect of 1level of feeding at
different times of the year on milk production by Friesian
cows of high or low genetic merit. Proceedings of the New
Zealand Society of Animal Production. 45:13-16.

HOLMES, C.W., R.J. McLenaghan, P. Auko and R. Nottingham.
(1979). The relation of pasture allowance to changes in
body condition and weight of pregnant non-lactating cows.
Proceedings of the New Zealand Society of Animal
Production. 39:138. Abstr.

HOOGENDOORN, C.J. (1987). Studies on the effects of grazing
regime on sward and dairy cow performance. Thesis. PhD.
Massey University.

HUGHES, T.P. (1983). Sward characteristics influencing intake.
p. 65-78. In Lamb Growth. Edited by A.S. Familton.
Technical Handbook. Animal Industries Workshop, Lincoln
College, Canterbury.

HUTTON, J.B. (1963). The effect of lactation on intake in the
dairy cow. Proceedings of the New Zealand Society of
Animal Production. 23:39-52.

HUTTON, J.B. (1966). Preliminary report on farming two cows
per acre. Proceedings of the Ruakura Farmers’ Conference
Week. p.168-180.

HUTTON, J.B. (1972). Improving production per cow at high
stocking rates through better winter feeding. Proceedings
of the Ruakura Farmers’ Conference. 32:140-147.

HUTTON, J.B. and O.F. Parker (1966). The effect of grazing
time and supplementary feeding of hay on production per cow
in early lactation. Proceedings of the New Zealand Society
of Animal Production. 26:71-85.




127

JAMIESON, W.S. and J. Hodgson. (1979). The effect of daily
herbage allowance and sward characteristics upon the
ingestive behaviour and herbage intake of calves under

strip-grazing management. Grass and Forage Science.
34:261-271.

JENNINGS, P.G. and W. Holmes. (1984). Supplementary feeding
of dairy cows on continuously stocked pasture. Journal of
Agricultural Science, Cambridge. 103:161-170.

JOHNSON, C.L. (1977). The effect of plane and pattern of
concentrate feeding on milk yield and composition in dairy

cows. Journal of Agricultural Science, Cambridge.
88:79-94.

JOURNET, M. and B. Remond. (1976). Physiological factors
affecting the voluntary feed intake of feed by cows. A
review. Livestock Production Science. 3:129-149.

JOURNET, M. and C. Demarquilly. (1979). Grazing. p.295-321.
In Feeding Strategy for the High Yielding Dairy Cow.
Edited by W.H. Broster and H. Swan. Granada Publishing
Ltd., St Albans.

KAUFMANN, W. (1976). Influence of the composition of the
ration and the feeding frequency on pH regulation in the
rumen and on feed intake in ruminants. Livestock
Production Science. 3:103-114.

KEMPTON, T.J. (1983). Supplementary feeding of dairy cows to
increase milk production. p.46-60 In Recent Advances in
Animal Nutrition in Australia. Edited by D. J. Farrel
and P. Vohra. University of New England.

KING, K.R. and C.R. Stockdale. (1981). Hay supplements to
overcome underfeeding of dairy cows. 2.Late lactation.

Australian Journal of Experimental Agriculture and Animal
Husbandry. 21:157-162.

KING, K.R. and C.R. Stockdale. (1984). Effects of pasture
type and grazing management in autumn on the performance of
dairy cows in 1late lactation and on subsequent pasture
productivity. Australian Journal of Experimental
Agriculture and Animal Husbandry. 24:312-321.

KING, P.L., J.W. Blum, I.C. Hart, H. Bickel and J. Landis.
(1985). Effects of different energy intakes before and
after calving on food intake, performance and blood

hormones and metabolites in dairy cows. Animal Production.
40:219-231.




128

KORTE, C.J., B.R. Watkin and W. Harris. (1984). Effects of
timing and intensity of spring grazing on reproductive
development, tillering and herbage production of perennial
ryegrass dominant pasture. New Zealand Journal of
Agricultural Research. 27:135-149.

L’HUILLER, P.J. (1987). Effect of dairy cattle stocking rate
and degree of defoliation on herbage accumulation and
quality in ryegrass-white clover pasture. New Zealand
Journal of Agricultural Research. 30:149-157.

LE Dllsy SeglreiBe and P.D. Penning. (1982). Animal based
techniques for estimating herbage intake. p.37-76. 1In
Herbage Intake Handbook. Edited by J.D. Leaver. British
Grassland Society. Hurley.

LE DU, Y.L.P. and R.D. Newberry. (1982). Supplementing the
grazing dairy cows during the periods of pasture
restriction. Grass and Forage Science. 37:173-174.

IAE| IDUE; WAL Py i Combellas, J. Hodgson and R.D. Baker.
(1979). Herbage intake and milk production by grazing
cows. 2.The effects of level of winter feeding and daily
herbage allowance. Grass and Forage Science. 34:249-260.

LEAVER, J.D. (1985). Milk production from grazed temperate
grassland. Journal of Dairy Research. 52:313-344,

LEAVER, J.D., R.C. Campling and W. Holmes. (1968). Use of
supplementary feed for grazing dairy cows. Dairy Science
Abstracts and Reviews. 30(7):355-361.

LEAVER, J.D., R.C. Campling and W. Holmes. (1969). The
influence of flexible and rigid grazing management and of
supplementary feed on output per hectare and per cow.
Animal Production. 11:161-172.

M.A.F.F. (1975). Energy allowance and feeding systems for
ruminants. Technicall Bulletin 33.

M.A.F.F. (1984). Energy allowance and feeding systems for
ruminants. 2nd Edition Reference.

MEIJS, J.A.C. (1981). Herbage intake by grazing dairy cows.
Thesis - Waganingen. Agricultural Research Reports. 909.

MEIJS, J.A.C. (1982). Effect of herbage mass and allowance
upon herbage intake by grazing dairy cows. p.667-670. In
Proceedings of the XIVth International Grassland Congress.
Edited by J.A. Smith and V.W. Hays. Lexington, Texas.



129

MEIJS, J.A.C. (1986). Concentrate supplementation of grazing
dairy cows. 2.Effect of concentrate composition on herbage

intake and milk production. Grass and Forage Science.
41:229-235.

MEIJS, J.A.C. and J.A. Hoekstra. (1984). Concentrate
supplementation of grazing dairy cows. 1.Effect of

concentrate intake and herbage allowance on herbage intake.
Grass and Forage Science. 39:59-66.

MILNE, J.A., T.J. Maxwell and W. Souter. (1981). Effect of
supplementary feeding and herbage mass on the intake and

performance of grazing ewes in early lactation. Animal
Production. 32:185-195.

MINSON, D.J. (1982). Effects of chemical and physical
composition on herbage eaten upon intake. p.167-182. 1In
Nutritional Limits to Animal Production from Pasture.
Edited by H.B. Hacker. Proceedings of an International
Symposium, Santa Lucia.

MITCHELL, K.D. (1985). Effects of wunderfeeding 1in early
lactation on the yield and composition of milk produced by
high and low breeding index cows. Thesis. M.Agr.Sc.
Massey University.

NGARMSAK, S. (1982). Grazing by non-lactating pregnant dairy
cows. Dissertation. Dip.Agr.Sc. Massey University.

OWEN, J.B. (1988). Feeding of dairy cattle. p.77-106. In
Dairy-Cattle Production. Edited by H.0. Gravert. World
Animal Science, C3. Elsevier Science Publishers B.V.
Amsterdam.

PARKER, O0.F. (1966). Supplementary feeding of hay to dairy
cows after calving. Proceedings of the Ruakura Farmers’
Conference Week, 1966. p.159-167.

PATCHELL, M.R. (1957). The influence of wundernutrition of
dairy cows on the yield and composition of milk. New
Zealand Journal of Science and Technology. 38A:682-688.

PHILLIPS, C.J.C. and J.D. Leaver. (1985a). Supplementary
feeding of forage to grazing dairy cows. 1.0ffering hay to
dairy cows at high and low stocking rates. Grass and
Forage Science. 40:183-192.

PHILLIPS, C.J.C. and J.D. Leaver. (1985b). Effect of
restriction of silage intake and the provision of an
alternative forage on the performance of dairy cows. Grass
and Forage Science. 40:419-427.



130

POPPI, D.P. (1983). The nutritive value. p.79-92. In Lamb
Growth. Edited by A.S. Familton. Technical Handbook.
Animal Industries Workshop, June-July 1983, Lincoln
College, Canterbury.

POPPI, D.P., T.P. Hughes and P.J. L‘’Huiller. (1987). Intake

of pasture by grazing ruminants. p.55-63. In Feeding
Livestock on Pasture. Edited by A.M. Nicol. New Zealand
Society of Animal Production. Occasional Publication
No.10.

RAYMOND, W.F. (1969). The nutritive value of forage crops.
Advances in Agronomy. 21:1-108.

REARDON, T.F. (1977). Effect of herbage per unit area and
herbage allowance on dry matter intake by steers.
Proceedings of the New Zealand Society of Animal
Production. 37:58-61.

REID, J.T., 0.D. White, R. Anrique and A. Fortin. (1980).
Nutritional energetics of livestock: Some present
boundaries of knowledge and future research needs. Journal
of Animal Science. 51(6):1393-1415.

ROGERS, G.L. (1979). Wilted silage as a supplement for pasture
fed cows in late lactation. Annual Report 1979, Ellinbank
Dairy Research Station, Victoria Department of Agriculture.
p.57-58.

ROGERS, G.L. (1985). Pasture and supplements in the temperate
zones. p.85-108. In The Challenge: Efficient Dairy
Production. Edited by T.I. Phillips. Australian Society
of Animal Production.

ROGERS, G.L., C. Grainger and D.F. Earle. (1979). Effect of
nutrition of dairy cows in late pregnancy on milk
production. Australian Journal of Experimental Agriculture
and Animal Husbandry. 19:7-12.

ROGERS, G.L., I.B. Robinson and P. Moate. (1983). The
supplementation of dairy cows at pasture in Victoria.
p.81-90. In Recent Advance in Animal Nutrition in
Australia. University of New England. Armidale.

ROGERS, G.L., I.B. Robinson, N.J. Chandler and 1I. Day.
(1981). Milk production by grazing cows given different
types of diets in late pregnancy. Australian Journal of
Experimental Agriculture and Animal Husbandry. 21:163-166.

ROOK, J.A.F and C.C. Balch. (1961). The effects of
intraruminal infusion of acetic, propionic and butyric
acids on the yield and composition of milk of the cow.
British Journal of Nutrition. 15:361-369.



131

ROOK, J.A.F. and P.C. Thomas. (1983). Milk secretion and its
nutritional regulation. p.314-368. In Nutritional
Physiology of Farm Animals. Edited by J.A.F. Rook and
P.C. Thomas. Longman, London and New York.

ROUGHAN, P.G. and R. Holland. (1977). Predicting in vivo
digestibilities of herbages by  exhaustive enzymic
hydrolysis of cell walls. Journal of the Science of Food
and Agriculture. 28:1057-1064.

SARKER, A.B. and W. Holmes. (1974). The influence of
supplementary feeding on herbage intake and grazing
behaviour of dairy cows. Journal of the British Grassland
Society. 29:141-143.

SCOTT, J.D.J., N. Lamant, D.C. Smeaton and S.J. Hudson.
(1980). Sheep and Cattle Nutrition. Agricultural Research
Division. Ministry of Agriculture and Fisheries.
Wellington.

SHAVER, R.D., A.J. Nytes, L.D. Satter and N.A. Jorgensen.
(1986). Influence of amount of feed intake and forage
physical form on digestion and passage of prebloom alfalfa
hay in dairy cows. Journal of Dairy Science.
69:1545-1559.

SHEATH, G.WV. and R.C. Boom. (1985a). Effects of
November-April grazing pressure on hill country pastures.
l.Pasture structure and net accumulation rates. New

Zealand Journal of Experimental Agriculture. 13:317-327.

SHEATH, G.W. and R.C. Boom. (1985b). Effects of
November-April grazing pressure on hill country pastures.
2.Pasture species composition. New Zealand Journal of

Experimental Agriculture. 13:329-340.

STAKELUM, G. (1986a). Herbage intake of grazing dairy cows.
1.Effect of autumn supplementation with concentrates and
herbage allowance on herbage intake. Irish Journal of
Agricultural Research. 25:31-40. :

STAKELUM, G. (1986b). Herbage intake of grazing dairy cows.
2.Effect of herbage allowance, herbage mass and concentrate
feeding on the intake of cows grazing primary spring grass.
Irish Journal of Agricultural Research. 25:41-51.

STAKELUM, G. (1986c). Herbage intake of grazing dairy cows.

3.Effects of herbage mass, herbage allowance and
concentrate feeding on the herbage intake of dairy cows
grazing on mid-summer pasture. Irish Journal of

Agricultural Research. 25:179-189.



132

STEEL, R.G.D. and J.H. Torrie. (1986). Principles and
Procedures of Statistics. A biometrical approach. Fifth
edition. McGraw-hill International Book Company. 633 p.

STEEN, R.W.J. and F.J. Gordon. (1980a). The effect of level
and system of concentrate allocation to January/February
calving cows on total lactation performance. Animal
Production. 30:39-51.

STEEN, R.W.J. and F.J. Gordon. (1980b). The effect of type
of silage and level of concentrate supplementation offered
during early lactation on total lactation performance of

January/February calving cows. Animal Production.
30:341-354.

STOBBS, T.H. (1973). The effect of plant structure on the
intake of tropical pastures. ITI.Differences in sward
structure, nutritive value and bite size of animals grazing
Setaria anceps and Chloris gayana at various stages of

growth. Australian Journal of Agricultural Research.
24:821-829.

STOCKDALE, C.R. (1985). Influence of some sward
characteristics on the consumption of irrigated pastures
grazed by lactating dairy cattle. Grass and Forage

Science. 40:31-39.

STOCKDALE, C.R. and K.R. King. (1983). A comparison of two
techniques used to estimate the herbage intake of lactating
dairy cows in a grazing experiment. Journal of
Agricultural Science, Cambridge. 100:227-230.

STOCKDALE, C.R. and T.E. Trigg. (1985). Effect of pasture
allowance and 1level of concentrate feeding on the

productivity of dairy cows in late lactation. Australian
Journal of Experimental Agriculture and Animal Husbandry.
25:739-744.

STOCKDALE, C.R., A. Callaghan and T.E. Trigg. (1987).

Feeding high energy supplements to pasture-fed dairy cows.
Effects of stage of lactation and level of supplement.
Australian Journal of Agricultural Research. 38:927-940.

STOCKDALE, C.R., K.R. King, I.F. Patterson and D.T. Ryan.
(1981). Hay supplements to overcome underfeeding of dairy
cows. 1.Early lactation. Australian Journal of
Experimental Agriculture and Animal Husbandry. 21:148-156.

SUTTON, J.D. (1981). Concentrate feeding and milk composition.
p.35-48. In Recent Advances in Animal Nutrition. Edited
by W. Haresign. London. Butterworths.



133

SUTTON, J.D., J.D. O0Oldham and I.C. Hart. (1980). Products of
digestion, hormones and energy utilisation in milking cows
given concentrates containing varying proportions of barley
and maize. p-303-306. In Energy Metabolism. Edited by
L.E. Mount. London: Butterworths.

TAPARIA, A.L. and A.W.F. Davey. (1970). The effect on food
intake and milk production of adding concentrates to the
ration of pasture-fed cows. New 2Zealand Journal of
Agricultural Research. 13:616-622.

TAYLER, J.C. and J.M. Wilkinson. (1972). The influence of
level of concentrate feeding on the voluntary intake of

grass and on liveweight gain by cattle. Animal Production.
14:85-96.

THOMSON, N.A. (1986). Techniques available for assessing
pasture. Dairyfarming Annual Meeting. p.113-121.

TREACHER, R.J., I.M. Reid and C.J. Roberts. (1986). Effect
of body condition at calving on the health and performance
of dairy cows. Animal Production. 43:1-6.

TYRRELL, H.F. (1980). Limits to milk production efficiency by
the dairy cows. Journal of Animal Science, Cambridge.
51:1441-1447.

TYRRELL, H.F. and J.T. Reid. (1965). Prediction of the
energy value of cow’s milk. Journal of Dairy Science.
48:1215-1223.

ULYATT, M.J., D.W. Dellow, A. John, C.S.W. Reid and G.C.

Waghorn. (1985). Contribution of chewing during eating
and rumination to the clearance of digesta from
reticulorumen. p.498-515. In Control of Digestion and
Metabolism in Ruminants. Edited by L.P. Milligan, W.L.
Grovum and A. Dobson. Proceedings of the 6th
International Symposium on Ruminant Physiology. Prentice

Hall, New Jersey.

UMOH, J.E. and W. Holmes. (1974). The influence of type and
level of supplementary feed on intake and performance of

beef cattle on pasture. Journal of the British Grassland
Society. 29:301-304.

VAN SOEST, P.J. (1982). Nutritional Ecology of the Ruminant.
0. and B. Books, Inc. Corvallis, Oregon. 374 p.

WALDO, D.R. (1986). Effect of forage quality on intake and
forage-concentrate interactions. Journal of Dairy Science.
69:617-631.




134

WALLACE, L.R. (1957). Concentrates for dairy cows.
Proceedings of the Ruakura Farmers’ Conference Week.
p.166-177.

WALSH, J.P. (1969). Effect of feeding on composition of cows
milk in late winter-early spring. Irish Journal of
Agricultural Research. 8:319-327.

WALTERS, R.J. and E.M. Evans (1979). Evaluation of a sward
sampling technique for estimating herbage intake by grazing
sheep. Grass and Forage Science. 34:37-44.

WILLS, G.A. (1988). Effect of supplementary hay fed to
non-lactating cows offered two allowances of pasture.
Thesis. M.Agr.Sc. Massey University.

WILLS, G.A. and C.W. Holmes. (1988). Effect of supplementary
hay fed to non-lactating cows offered two allowances of
pasture. Proceedings of the New Zealand Grassland
Association. 49:127-129.

wooD, P.D.P. and R. Newcomb. (1976). The effect of
supplementary winter feeding on the total yield and
lactation curves of cows in a herd of British Friesian
cattle. Journal of Agricultural Science, Cambridge.
87:101-104.

Z0BY, J.L.F. and W. Holmes. (1983). The influence of size of
animal and stocking rate on the herbage intake and grazing
behaviour of cattle. Journal of Agricultural Science,
Cambridge. 100:139-148.



	20001
	20002
	20003
	20004
	20005
	20006
	20007
	20008
	20009
	20010
	20011
	20012
	20013
	20014
	20015
	20016
	20017
	20018
	20019
	20020
	20021
	20022
	20023
	20024
	20025
	20026
	20027
	20028
	20029
	20030
	20031
	20032
	20033
	20034
	20035
	20036
	20037
	20038
	20039
	20040
	20041
	20042
	20043
	20044
	20045
	20046
	20047
	20048
	20049
	20050
	20051
	20052
	20053
	20054
	20055
	20056
	20057
	20058
	20059
	20060
	20061
	20062
	20063
	20064
	20065
	20066
	20067
	20068
	20069
	20070
	20071
	20072
	20073
	20074
	20075
	20076
	20077
	20078
	20079
	20080
	20081
	20082
	20083
	20084
	20085
	20086
	20087
	20088
	20089
	20090
	20091
	20092
	20093
	20094
	20095
	20096
	20097
	20098
	20099
	20100
	20101
	20102
	20103
	20104
	20105
	20106
	20107
	20108
	20109
	20110
	20111
	20112
	20113
	20114
	20115
	20116
	20117
	20118
	20119
	20120
	20121
	20122
	20123
	20124
	20125
	20126
	20127
	20128
	20129
	20130
	20131
	20132
	20133
	20134
	20135
	20136
	20137
	20138
	20139
	20140
	20141
	20142
	20143
	20144
	20145
	20146
	20147
	20148
	20149
	20150
	20151
	20152
	20153
	20154



