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XllSUMMARY

1) The literature concerning the reasons for and the effects of a 
restriction of the forage intake of dairy cows (grazed herbage 

in summer, grass silage in winter), and the effects of providing 

additional conserved forage as a buffer feed, is reviewed.

2) In a 24 week experiment with grazing dairy cows the effects of 

stocking rate and the provision of hay as a buffer feed were 

examined. Herbage intake was restricted by stocking cows at a 

higher rate and during inclement weather. Offering hay 

increased total DM intake and milk yield but had no effect on milk 

composition. Details of grazing behaviour (in particular grazing 

and ruminating times) were obtained at monthly intervals.

3) A second experiment examined the response to a buffer feed of 

silage during the early part of the grazing season. Silage 

was offered either after morning milking, or indoors overnight 

at a restricted level or ad libitum. Offering silage had no 

effect on total DM intake, slightly reduced milk yield but 

increased milk fat content. The behaviour of the cows was 

recorded both indoors and at pasture and showed that grazing 

times were depressed by offering silage.

4) A similar experiment examined the response to a buffer feed of 
silage in the late grazing season. Offering silage increased 

total DM intakes which increased animal production, particularly 

when silage was offered overnight ad libitum. Similar grazing 

behaviour studies to the previous experiment were carried out,

5) In a winter feeding regime an initial changeover experiment with 

three week periods examined the effects of restricting the silage



Xlll

ration and of offering hay as a buffer feed. Restricting silage 

intake primarily resulted in loss of live weight and offering 

hay increased total DM intake and milk yield.

6) A second changeover experiment, also with three week periods, 
examined the effects of a greater restriction of silage intake, 
and of offering straw or ammonia-treated straw as a buffer feed. 
Restricting silage intake resulted in loss of live weight and 

reduced milk production. The intakes of straw or ammonia-treated 

straw were too low to restore forage DM intakes and consequently 

were of little value in increasing animal production.

7) A final experiment in a winter-feeding regime examined the effects

of a longer-term restriction of silage intake, and the provision 

of a nutritionally-formulated strawmix as a buffer feed. 
Restricting the silage ration resulted in loss of live weight 
compared to cows offered ad libitum silage. Provision of 

strawmix as a buffer feed to restricted silage restored forage

DM intakes to ad libi^tum levels but did not prevent loss of 

live weight, although it was of some benefit in improving milk 
composition.

8) The effect of offering a buffer feed in reducing the daily

variation in forage DM intakes and milk yields is also studied

in these experiments. In addition, the differences between 

cows and heifers in their response to forage restrictions are 

examined, in particular the effect on ingestive behaviour.

The effects of restricting forage intake and of offering buffer 

feeds on farm stocking rate are considered - farm stocking rate 
can be increased by restricting forage intake, and loss of milk 

production averted by the provision of a purchased buffer feed.



CHAPTER 1. BUFFER FEEDING IN CONJUNCTION WITH GRAZED HERBAGE

1.1 LIMITATIONS OF GRAZED HERBAGE

1.1.7 Herbage availability
1.1.1.1 Herbage allowance

Herbage allowance for rotationally grazed dairy cows has generally 

been found to be asymptotically related to herbage DM intake 

(Van der Kley, 1956; Gordon et at, 1966; Hijink, 1978). Meijs (1981a) 

however found little evidence of curvilinearity with relatively high 

yielding cows. Variation in response is mainly due to the different 

intake potential of the cows, different cutting heights above ground 

level in herbage allowance and intake determinations and confounding 

effects of herbage quality.

As herbage allowance declines grazing time and rate of biting

generally increase and bite size decreases (Jamieson and Hodgson, 1979;

Le Du et at, 1979). Rotationally grazed cows do not increase their

grazing time at low herbage allowances as much as continuously grazed

cows (Jamieson and Hodgson, 197 9), although grazing time is particularly

increased in the final day of a rotation (Meijs, 1981a). Grazing time

is significantly related to milk yield (Brumby, 1959), but cows are

reluctant to graze for more than 10 hours day  ̂on temperate pastures

(Waite et at, 1951; Meijs, 1981b), although grazing times in excess of 
- 112 hours day have been recorded on tropical pastures (Smith, 1955; 

Stobbs, 1974). To sustain maximum herbage intake even at high herbage 

allowances a high yielding dairy cow must graze for 9 hours day”  ̂or 

more, and there would appear to be little opportunity to increase 

grazing time at low herbage allowance (Meijs, 1981b). High yielding 

dairy cows will therefore require a greater herbage allowance to sustain 

maximum herbage intake than low yielding dairy cows (Figure 1.1).
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Figure 1.1 Effect of mean daily milk yield on the relationship 
between daily herbage allowanc^ (g OM kg ~ LW) and 
daily herbage intake (g QM kg~ LW)

Method of calculation:

Herbage allowance and intake data for Oorabellas and Hodgson (1979), 
Gordon et al (1966), Greenhalgh et al (1966, 1967) and Le Du et al
(1979) were extracted from Le Du et al (1979). The data of Hijink 
(1978) and Meijs (1981b) was incorporated without adjustment for 
variation in cutting height above ground level; the small amount of 
concentrates fed in these two trials (1.5 and 1.3 kg OM day 
respectively) was assumed to be additive to herbage intake. Milk 
yield quoted is the mean daily milk yield of the various herbage 
allowances.



Variation in herbage allowance will be manifested either as

differences in herbage height or density. Sward height may be the

best practical measure of herbage allowance, although variation in

sward density and uniformity will restrict its usefulness (Leaver,

1982). The herbage intake and milk production of dairy cows has

been found to be depressed below a sward height of 7 cm for a
- 1 - 1continuously grazed sward (density 437 kg OM ha cm ) and 9 cm

-1 -1for a rotationally grazed sward (density 400 kg OM ha cm )

(Le Du et at, 1979; 1981). Similar results have been obtained

with calves (Baker et at, 1981â b) . The lower critical herbage height 

on continuously grazed swards is probably attributable to higher 

herbage densities than rotationally grazed swards.

-1 “ 1Herbage density may be as low as 45 kg DM ha cm for a tropical
- 1 - 1sward (Stobbs, 1973) or 150 kg DM ha cm for the first year of a 

continuously grazed, perennial ryegrass ley (Leaver, 1982). On these 

swards bite size will be low (Stobbs, 1973), and herbage intake is 

depressed unless grazing time and biting rate can be increased to 

compensate. In such circumstances ease of prehension may be increased 

at mean sward heights above 9 cm, thereby allowing biting rate to be 

increased. Hodgson et at (1977) found that the maximum intake of a 

low density tropical pasture was at a sward height of 40-45 cm.

Herbage intake may be regarded as the product of grazing time, 

bite size and biting rate (Jamieson, 1975) . If one parameter is 

restricted eg bite size with low density pastures or grazing time 

with high intake-potential dairy cows, the animal attempts to compensate 

by increasing one or both of the other parameters. In these 

circumstances a mean sward height greater than 9 cm may be beneficial 

in increasing ease of prehension and hence biting rate.



1.1.1.2 Effect of a reduction in herbage intake on animal production

The results from 34 experiments from 24 publications (see Appendix 

1) in which cut or grazed herbage was offered ad Zi-bitum and at a 

certain proportion of ad Z'tbitum are shown in figure 1.2. Data was 

not included where the digestibility of the ingested herbage differed 

at the two levels of intake.

The % reduction in herbage intake was significantly correlated

with % reduction in milk yield, fat yield and milk protein content. 

Although a reduction in herbage intake almost invariably increased

milk fat content, the two factors were not significantly correlated.

From the regression equations it can be seen that a 10% reduction in 

herbage intake will result in a 5.6, 4.5 and 1.5% reduction in milk 

yield, fat yield and protein content respectively. The duration of 

each treatment was only stated in 18 experiments and averaged 71 days. 

Greenhalgh et aZ C1967)found the difference in milk yield kg  ̂herbage 

OM intake at two herbage allowances was 44% higher when cows were on 

treatment for 70 days compared with 7 days.

It was not possible to relate the effects of a reduction in 

herbage intake on liveweight change due to insufficient data. Where 

rate of liveweight change was reported it was invariably reduced at 

the restricted herbage intake, and this reduction was greater in short

term than long-term experiments (cf Greenhalgh et aZ, 1966 and 

Greenhalgh et aZ, 1967). The actual loss of liveweight, however, 

is independant of the duration of the restriction where this is greater 

than approximately 2 weeks, although a greater restriction increases 

the amount of liveweight lost (Le Du and Newberry, 1981). Thus in 

the short-term cows are able to buffer variation in feed intake by
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Effect of a reduction in herbage DM intake 
on milk yield and milk fat and protein content



liveweight change (Broster, 1980J, but if the restriction is for 

more than this length of time there will be some loss in milk 

production.

Another likely source of variation is the level of milk yield.

Cows in late lactation and cows with a low milk yield potential tend

to partition extra ME intake towards liveweight change. For example,
-1a cow giving 40 kg milk day may have double the response in milk 

yield and half the response in liveweight change of a cow giving 

20 kg milk day  ̂ (Broster, 1980).

1.1.2 Herbage digestibility 

Sward digestibility may vary both within and between periods of the 

grazing season (Dent and Aldrich, 1968). Typical values for a well 

stocked pasture in spring, summer and autumn are 740, 690 and 710 g kg  ̂

D value respectively (Holmes, 1980). However Baker (1980) and 

Le Du et al (1981) found that a perennial ryegrass sward, continuously 

grazed by dairy cattle at a high stocking rate, ranged from 750 g kg 

OMD from turnout until the end of May to 600-650 g kg  ̂OMD by the end 

of the grazing season in October.

The degree to which cattle can select herbage of higher digestibility 

than that on offer will vary with the stage of growth of the pasture 

and the homogeneity of the botanical composition (Chenost and 

Demarquilly, 1982). Cattle have been found to select herbage on 

average 40-60 g kg  ̂higher in digestibility than the sward on offer 

(Hardison et al, 1954; Jamieson, 1975; Le Du et al, 1981). Autumn 

herbage tends to be of lower digestibility and have a higher proportion 

of dead matter than spring herbage (Corbett et al, 1966; Jones et al, 1982



particularly at low stocking rates (Baker, 1980). Thus at equivalent 

herbage availabilities there is greater scope for cattle to be 

selective on autumn herbage, which will tend to minimize the difference 

in digestibility between autumn and spring herbage (Figure 1.3).
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Figure 1.3 THE OMD OF HERBAGE SELECTED AND OF THE AVAILABLE HERBAGE 
(From Le Du et at, 1981)

If herbage availability declines as the season advances, or is 

restricted throughout, the cows will have little opportunity for 

selection in autumn, and the digestibility of the ingested sward and 

herbage intake will fall. Thus, where herbage availability is adequate, 

no relationship between the digestibility of the sward and herbage 

intake has been found (Hutton, 1962a, b; Hutton &t at, 1964; Greenhalgh 

and Runcie,1962; Curran and Holmes, 1970). Where herbage availability 

is restricted or declines through the season, herbage intake is related 

to sward digestibility (Corbett et at, 1963; Holmes et at, 1972).

Corbett et at (1963) estimated that a 100 g kg  ̂decline in herbage 

digestibility would decrease herbage DM intake by 3%.



It is unlikely that the relatively small differences in herbage 

digestibility between spring and autumn pastures account for a large 

proportion of the observed differences in intake, even if herbage 

availability is restricted. In support of this, where spring and 

autumn herbage (Corbett et at, 1963) or dried grass (Lonsdale and 

Tayler, 1971) of the same digestibility were offered to cattle 

ad tthitum, the dm intake of autumn herbage was 11% less than spring 

herbage.

Where herbage is restricted in autumn, and cattle are unable to 

select herbage of a higher digestibility than the sward, the decline 

in herbage digestibility in autumn may adversely affect animal output. 

Curran and Holmes (1970) found that, although the herbage digestibility 

at different times in the grazing season was not significantly 

related to the herbage intake of dairy cows, it was significantly 

related to milk yield and liveweight change. Under such circumstances, 

therefore, animal output is likely to be reduced even more than would 

be expected from the decline in herbage intake.

1.1.3 Herbage dry matter content

The DM content of herbage is a product of the amount of surface 

water on herbage and the DM content of the herbage itself. Thus the 

DM content of herbage is inversely correlated with rainfall (Castle, 1972; 

Castle and Watson, 1973),and in Great Britain rainfall tends to 

increase in the latter part of the grazing season, the accumulation 

of surface water at this time effectively reducing the DM content of 

the herbage (Holmes and Lang, 1963).



Several authors have concluded that there is no effect of 

DM content per se on the DM intake of herbage (MaClusky, 1955;

Holmes and Lang, 1963), hay (Hillman et al, 1958; Campling and

Balch, 1961; Thomas et al, 1961) and alfalfa silage (Moore et al,

I960; Thomas et al, 1961). In these instances the DM content of

the feedstuff was not reduced to a very low level. At very low

DM contents the DM intake of zero-grazed herbage is depressed 

(Duckworth and Shirlaw, 1958a; Davies, 1952; Hailey and Dougall,

1962; Sonneveld, 1965; Rohr and Kaufmann, 1967; Verite and

Journet, 1970; Wilson, 1978), and the same effect has been reported

for silage (Dodsworth and Campbell, 1953).

Estimates of the critical DM content below which herbage DM

intake is depressed range from 180-260 g kg  ̂for beef cattle

(Duckworth and Shirlaw, 1958a, b) and for sheep (Davies, 1962;

Wilson, 1978). With dairy cows Verite and Journet (1970) estimated
-1the critical DM as 180 g kg, and DM intake of fresh herbage was 

significantly related to DM content (range 120-220 g kg ^) by the

equation y = 9.7 + 0.021 x (r = 0.91**), where y = herbage intake
-1 -1 (kg DM day ) and x = DM content (g kg ).

It has been demonstrated that the addition of water in a balloon 

into the rumen will depress intake, whereas the addition of water 

per fistulam will have no effect or actually increases the intake of 

hay (Campling and Balch, 1961; Thomas et al, 1961; Moore et al, 1960) 

or lucerne chaff (Davies, 1962). It would appear therefore that the 

reduction in herbage intake at very low DM is not an effect of water 

in the rumen but is a behavioural limitation. Duckworth and Shirlaw
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(1958 a, b) found that at low DM contents the rate of intake of fresh 

cut herbage increases due to an increased rate of biting and eating 

time, but rate of DM intake decreases. This was probably due to the 

inability of the cows to satisfy their nutrient demands rather than

any palatability effect. Bite size (derived from intake measurements
-1 - 1and number of bites day ) measured in g freshweight bite was

“1increased by 66%, but bite size measured in g DM bite was decreased 

by 19%.

In the grazing situation high rainfall and the resulting low DM 

content of the herbage appear to have an adverse effect on herbage 

DM intake. This may be due to low rate of biting because of the 

difficulty in prehending herbage of low DM content (Combellas et at, 

1979). Grazing time is not usually effected by moderately wet 

weather, although the periodicity of grazing during the day is 

affected (Hancock, 1953; Ruckebusch and Bueno, 1978). However, very 

inclement weather may reduce the grazing time of cattle by almost 

one hour per day (Hinch et at, 1982), whereas grazing times may 

increase when cattle graze wet herbage compared with dry herbage 

(Wardrop, 1953; Waite et at, 1951). Clearly the effect of rainfall 

on grazing time is a balance between the inability of cattle to eat 

sufficient DM with very low DM herbage and the reluctance of cattle 

to graze in high rainfall.

Large effects on animal output have been recorded in inclement 

weather. Marsh (1975) found the reduction in daily liveweight gain 

of grazing beef cattle in autumn compared with spring was only 10% 

when the autumn was very dry (23 mm rain) compared with 48% when the 

autumn was wet (148 mm rain). In grazing experiments with dairy
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cows Sjollema (1950) reported a fall in milk fat production of
- 1 - 1approximately 50 g cow day during wet, stormy weather.

1.1.4 Herbage contamination

Cattle defaecate on average 12 times a day (Table 1.1), with

some variation due to herbage DM intake (MaClusky, 1960) and mean

daily temperature (Hancock, 1950). Mean area of faecal deposits in

Table 1.1 was 0.07 , which would theoretically result in 6% of the

pasture area being covered by faeces by the end of the grazing season
-1at a stocking rate of 4 cows ha - This assumes no deposits overlap 

(Petersen et at (1956) estimated the incidence of this to be very 

small) and no faecal deposits disappear over the season. Rate of 

disappearance of faecal deposits increases with increasing rainfall 

and decreasing DM content of the faeces (Weeda, 1967; MAFF, 1969a), 

Formation of a crust in dry weather prevents rain eroding the deposit 

and consequently disappearance rate tends to be faster in autumn than 

in summer (Weeda, 1967). Faeces have been found to cover 2-4% of the 

pasture area by September (Arnold and Holmes, 1958; Greenhalgh and 

Reid, 1968).

If the faecal disappearance is rapid and stocking rate is not 

greatly reduced in autumn, peak herbage rejection will occur in the 

summer (Tayler and Rudman, 1966; Weeda, 1967; MAFF, 1969b). Otherwise 

herbage rejection will increase linearly (MaClusky, 1960) or curvilinearly 

(MAFF, 1969a; Brockington, 1972) over the grazing season. The area 

of herbage rejected in a sward generally decreases with increasing 

stocking rate (Arnold and Holmes, 1958; Greenhalgh and Reid, 1968;

MAFF, 1969a) and, on average, a faecal deposit will cause an area
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6 times its own area to be rejected. This is initially because 

of smell (Marten and Donker, 1956; MacDiarmaid and Watkin, 1972) 

and later because the herbage is more mature than the rest of the 

sward (Broom et al, 1975). This rejected herbage will act as a 

partial buffer to variation in grazed herbage availability, since 

cattle will consume this herbage when there is none other 

available (MAFF, 1969a).

It has been difficult to estimate experimentally the effect of 

herbage rejection on herbage intake. Greenhalgh and Reid (1968) 

found herbage DM intake in the autumn was 9% less on a contaminated 

pasture than a clean pasture; Holmes et at (1971) found the 

difference was 7% over the whole grazing season. In both experiments 

increased dead matter content and decreased density of the clean 

sward may have reduced intake in this treatment. Brockington (1972), 

recognising the limitations of Greenhalgh and Reid's data, formulated 

a model using their data and others and concluded that herbage intake 

would be reduced by 15% in autumn at a high stocking rate.

There are two possible reasons for the reduction in herbage 

intake - the reduction in grazed area in a contaminated sward may 

restrict herbage availability, alternatively herbage intake may 

be intrinsically depressed at all stocking rates by the smell of 

the faecal deposits. The fact that Greenhalgh and Reid (1968) 

and Reed (1978) found that the depression in herbage DM intake in 

autumn was unrelated to stocking rate suggests the latter explanation. 

However, Boswell (1971) found that at very low stocking rates 

contamination had no effect on herbage intake, but at moderate
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stocking rates intakes from clean swards were 30% higher than 
contaminated swards. Conceivably at very low stocking rates 

the influence of smell is reduced as the chance of grazing in 

the proximity of a faecal deposit is reduced and therefore both 

explanations probably apply.

Recent applications of slurry to pasture result in greater 

depressions in herbage DM intake of between 12 and 32% (Reid et at,

1972; Broom et at, 1975; Pain and Broom, 1978). In support of the 

theory that herbage intake is intrinsically depressed by the smell 

of faecal deposits, Pain and Broom (1978) found that slurry reduced 
the acceptability of a sward, with a lower rate of intake and longer 

walking time.

Several methods have been investigated to overcome the reduction 

in herbage intake due to faecal contamination. Conditioning cows to 

eat rejected herbage by feeding hay sprayed with dilute slurry (MAFF,1968 

Garstang & Mudd, 1971) or by grazing cattle on recently manured 

pastures (Reid et at, 1972), met with little success. Using a chain 

harrow to disperse faeces and accelerate decomposition has not been 

successful. Reid et at (1972) found that this had no effect on 

herbage intake and wet faeces were not adequately dispersed; Weeda 

(1967) found that although grazing was more even, herbage yield was 

reduced by 14% due to sw^rd damage, and MAFF (1969c) found no effect 

on the proportion of the herbage rejected. Marten and Donker (1964) 
found that spraying rejected herbage areas with molasses greatly 

increased the consumption of these areas, but MAFF (1968) found that 

cows licked off the molasses and left the herbage. Topping the 

pasture in late season will reduce the proportion rejected if herbage 

contamination is high (MAFF, 1969c).
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1.1.5 Seasonal effects on milk production

1.1.5.1 Spring herbage

Seasonal effects on milk production represent an amalgamation of 

the factors discussed previously.

Cows grazing spring herbage generally show an increased milk yield 

and SNP content, but a decreased milk fat content compared with the 

previous winter feeding regime (Rook, 1961; Walsh, 1969; Gardiner and 

McGann, 1968; Fisher, 1979). Several extreme cases were reported in

the first half of this century with milk yield increased by up to
-1 -1 75%, and milk fat content falling from 35 g kg to below 20 g kg

(McClyraont, 1950). In some cases this was associated with severe

scouring and depraved appetite. Rook and Rowland (1959) found the

yield of total solids was increased by 42% after turnout where cows

had been on a low energy winter ration, but only 11% where cows had

been on a high energy winter ration. It is difficult to evaluate

the effects on liveweight change since the change in the level and

type of nutrient intake after turnout causes a major change in rumen

microflora and retention time. Normally the reduction in gut contents

causes rapid weight loss for 2-3 days after the onset of spring grazing,

followed by a gradual recovery over the next 2-3 weeks (Balch and

Line, 1957). Theoretically the high proportion of propionate in

the ruminai VFA with spring herbage would be expected to increase the

partition of metabolites towards liveweight gain at the expense of

milk production (j0rskov et at, 1968) .

A few authors have not obtained the usual effects on milk 

production probably due to the absence of a change in fibre or energy 

level of the diet (eg Waite et at, 1960).
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The normal effects arise as a result of quantitative changes 

in the levels of dietary fibre and energy. In the rumen increased 

energy supply causes an increased Vfa concentration, and the low 

fibre level results in a decreased ratio of acetate to propionate, 

similar to that obtained with cows suffering from "low fat milk 

syndrome" (Rook, 1964), It has been established that depression of 

milk fat in cows suffering from low fat milk syndrome arises from a 

reduced ratio of acetate and butyrate to propionate in the rumen and 

an increased overall level of propionate (Annison et at, 1974).

This is generally due to a concentrate : forage imbalance on a winter 

feeding regime. Intraruminal infusions of acetate and utr.txtc, 

increase milk fat but propionate decreases it (Thomas and Rook, 197 7).

In addition, there is a simultaneous increase in lipa.se activity in 

fat deposits, with a decrease in lipase activity in the mammary gland 

(Opstvedt et at, 1967).

The changes in ruminai VFA levels are caused both by a lack of 

long fibre, as has been demonstrated with ground roughage (Campling 

and Milne, 1972) and also by rapid carbohydrate digestion, which 

reduces the pH of the ruminai contents below the optimum for cellulolytic 

bacteria (Osbourn, 1980). With perennial ryegrass the content of 

water-soluble carbohydrate has been found to be inversely related to 

the proportion of acetate in the rumen (Bath and Rook, 1961), although 

no close correlation has been found between herbage species (Bath et at,

1962).

Depression of ruminai pH from 6.6 to 6.0 by the addition of maize 

meal to chopped dried grass decreased the rate of cellulolytic 

digestion by 57% (Osbourn et at, 1969). The pH of the ruminai contents
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of cows fed leafy Italian ryegrass was 5.6 compared with 6.0 for
I

mature Italian ryegrass (Bath et al, 1962).

The depression in milk fat content can be alleviated by offering

herbage of greater maturity that has a higher crude fibre content

(Figure 1.4).
40
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- 1.Herbage crude fibre content (g kg DM)

Figure 1.4 Effect of crude fibre content of herbage on milk fat 
content (from Hildebrandt, 1958)

1.1.5.2 Autumn herbage

The decline in ad ttbitum herbage intake of rotationally-grazed, 

lactating cows with autumn herbage compared with spring herbage has 

been found to be 11% (Corbett et al, 1963) and 19% (Stehr and 

Kirchgessner, 1976). With continuously-grazed dairy cows Baker et al,

(1980) found that herbage intake was 7% less in the last third of 

the grazing season compared with the first third. Le Du et al (1981), 

in three experiments where herbage height was kept constant throughout 

the season, found that herbage DM intake of continuously-grazed dairy
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cows was 14 and 13% higher in mid grazing season than in early or

late grazing season respectively.
I

The principle reasons for the reduced intake and animal production 

of autumn herbage compared with spring herbage have been discussed by 

Reed (1978) and Scott et al (1976). The main factors proposed are 

faecal contamination and sward chemical composition. In addition, 

decreased herbage DM content and availability and declining day length 

in autumn may be implicated.

In the commercial situation the reduction in herbage intake in the 

autumn could be even greater. Farmers attempt to maintain constant 

herbage availability, despite seasonal varation in growth rate by 

conserving forage in the spring and using the aftermath later in the 

season to reduce stocking rates (Holmes, 1980) . However, because the 

proportion of the land used for conservation is often too small, 

stocking rate is not reduced sufficiently and herbage availability 

declines in the autuumn.

Grazing pressure has a greater effect on animal production in the 

autumn than in the spring (Jamieson, 1975; Reed, 1978) for two reasons. 

Firstly, as the season progresses the proportion of the sward as dead 

matter increases from approximately 10% in spring to 40% in autumn 

(Le Du et al, 1981). Secondly by the end of the grazing season the 

proportion of the sward rejected due to faecal deposits may be 30% 

(Section 1.1.4). Thus, even if herbage availability is the same in 

autumn as in spring, the proportion of herbage that is acceptable to 

the cow may be less than 50% in autumn. Both herbage dead matter
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proportion and rejection of contaminated herbage are increased by 

inadequate stocking rates in spring (Baker, 1980), thereby increasing 

the importance of a sufficient reduction in stocking rate in autumn.

Furthermore, if herbage is restricted the opportunity for selection is
1

reduced and the resulting low digestibility of ingested herbage will 

further reduce animal production.

Although herbage availability may amplify differences in herbage 

intake and animal production between autumn and spring, differences 

are still observed under ad 'libitum herbage conditions (Corbett et al,

1963) and with identical, restricted intakes of dried grass (Lonsdale 

and Taylor, 1971), suggesting that other factors are involved.

It is well established that the feeding value of autumn herbage 

for liveweight gain is substantially below that of spring herbage of 

the same digestibility (Blaxter et al, 1971; Corbett et al, 1966; 

Beaver et al, 1975, 1977). For example Lonsdale and Taylor (1971) 

found that the liveweight gain of beef cattle was 20% less with 

autumn-dried grass compared with spring-dried grass of the same 

digestibility. However, the decrease in milk production with autumn-, 

dried grass compared with spring-dried grass is less than 5% (Campling 

and Holmes, 1958; Holmes, 1956; Gordon, 1974). In addition Corbett 

et al (1963) found no difference in milk yield per unit of DOMI 

between autumn and spring grazed herbage. These differing responses 

may arise from changing the partition of metabolites from liveweight 

gain to milk production, which occurs when the proportion of acetate 

in the ruminai VFA increases (0rskov et al, 1968). Typical ratios of 

acetate to propionate for autumn and spring herbage are 66:18 and
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59:22 respectively (Bath and Rook, 1961). Thus the overall efficiency 

of utilization of ME is probably reduced as much in dairy cows as in 

growing ruminants in autumn, although the transfer of metabolites 

means that this difference is not evident when milk production alone 

is studied.

The reasons for the'decreased efficiency of ME utilization of 

autumn herbage compared with spring herbage is unclear. Work by 0rskov and 

McDonald (1980) suggests that the proportion of ruminai acetic acid 

per se has little effect on the efficiency of utilization of ME for 

liveweight gain, Corbett et at (1966) postulated that the retention 

time of autumn herbage in the rumen is longer than spring herbage 

because of the low water soluble carbohydrate content (Waite and 

Boyd, 1953; Waite, 1965) and the correspondingly low fermentation rate. 

Rumen retention time is closely related to voluntary intake (Thornton 

and Minson, 1973) and greater efficiency may ensue in spring herbage 

as a result of an increased proportion of nutrients escaping rumen 

fermentation and being digested in the small intestine (Reed, 1978) 

and a lower maintenance requirement for ruminai microorganisms 

(Buttery and Lewis, 1982). In support of this Beever et at (1975) 

found the proportion of the nitrogen intake reaching the small intestine 

as amino-acid was reduced by 20%, and the energy lost in the rumen 

increased by 30%,with autumn compared with spring herbage.

Of a more unpredictable nature is the reduction in animal output 

that can occur as a result of prolonged periods of inclement weather 

and the resulting low DM content of the herbage. In fine weather 

cows may compensate to some extent for low herbage DM content by 

increasing grazing time and biting rate. In periods of prolonged
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rainfall, such as frequently occur in autumn, cows are unwilling to 

graze and herbage DM intake is reduced.

It has been suggested that declining day length in autumn may 

modify grazing behaviour and appetite (Decaen and Journet, 1956;

Reed, 1978; Baker, 1980). Cattle prefer to graze in daylight 

(Hancock, 1953), possibly as a vestigial defence mechanism, and 

declining daylength increases the proportion of daylight hours 

spent grazing (Tayler, lbS3). In addition under certain circumstances 

cattle will only graze at night time in well-lit nights (Hancock, 1953). 

However, since up to 30% of the grazing time in temperate regions is 

at night in the autumn (Hancock, 1953), and in many reported instances 

grazing time is the same or higher in the autumn than in summer 

(Johnstone-Wallace and Kennedy, 1944; Hancock, 1950; Waite et at, 1951; 

Wardrop, 1953) it is concluded that the effect of declining daylength 

in autumn on grazing time is minimal. However, there may be hormonal 

influences - milk yield is increased when cows are exposed to 16 hours 

artificial light compared with natural daylength of 10.5 hours (Peters 

et at, 1978, 1981). It is unclear whether extending the natural 

autumnal daylength of 12 hours would increase milk yield. In addition 

Decaen and Journet (1965) report that long daylength in midsummer caused 

a reduction in milk fat content but it is more likely that this was 

caused by high temperatures.

It has been observed that the grazing behaviour of dairy cows 

(Castle et at, 1950) and beef cattle (Tayler, 1953) can be disturbed 

by flies in the autumn in Great Britain. In Canada beef cattle had 

an 18% higher liveweight gain when fitted with ear tags impregnated
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with insecticide (Haufe, 1982). However in Great Britain, it has 

been observed that fly counts on cattle are not as high as those 

observed in Canada,and it is unlikely that production is greatly 

impaired (Hughes, J, unpublished results).

1.2 EFFECTS OF OFFERING CONSERVED FORAGE WITH HERBAGE 
ON DM INTAKE AND PRODUCTION

1.2.1 Grass silage

1.2.1.1 Restricted herbage + silage compared with ad tihitum herbage

1.2.1.1.1 DM intake Where herbage intake is restricted and silage

offered ad tihitim the silage DM intake is dependant upon the level of
I

pasture restriction (Hutton and Parker, 1956) and the silage quality 

(Percival, 1955; Bryant, 1978) (Table 1.2). When herbage is greatly 

restricted offering silage ad tibitim will decrease total DM intake 

relative to ad libitum herbage intake unless the silage is of high 

intake characteristic. This reduction in total DM intake is probably 

due to the low energy content and nitrogen retention of silage relative 

to fresh herbage.

Silage alone has a considerably lower DM intake compared with 

ad libitum herbage - the decrease in total DM intake ranges from 11% 

with high quality silage to 29% with low quality silage. Combinations 

of herbage and silage also result in depressions in total DM intake 

relative to ad libitum herbage, except where good quality silage is 

included at low levels in the diet (Rogers, 1979). Mean substitution 

rate (kg herbage DM kg silage DM~S in table 1.2 is 1.17. However 

combinations of herbage and silage generally result in higher total 

DM intakes than the intake of the separate forages would predict 

(figure 1.5) (Miller et al, 1955). This "synergistic effect" has
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Herbage + high quality silage
11 11

inH-

T3

I 10
QjO

H-10

OQ

~0
100 % silage

100 80
20

60
40

40
60

20
80

%•' Herbage

(From Rogers , 1979)

Herbage + low quality silage
12

Iw
X X J100

0

12

COH*
£
CD

H-

Îa>10
g

§
p.

80
20

60
40

40
60

20
80

0 % Herbage 
100 % Silage

(From Miller et al , 1965)
—  Observed total intake
—  Expected total intake
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also been observed with silage and hay (Coppock et al, 1974) and two 

dissimilar silages (Miller et al, 1965). No effect, however, was 

found by Rogers and Robinson (1980b) when a restricted herbage 

allowance was supplemented with a low DM silage of low intake 

characteristic. It is likely that the synergistic effect is due 

to the provision of a nutrient that is deficient in one feed 

(eg protein in silage, fibre in spring herbage) but in surplus in 

another (eg crude protein in herbage, fibre in silage). Conceivably 

the intake drive of the cow may also be increased when more than one 

forage is offered.

1.2.1.1.2 Dairy cow production Where silage is of lower or similar 

quality to herbage, inclusion of silage in the diet generally results 

in a depression in milk yield relative to ad l-ibttim herbage (table 

1.3). Where silage is of higher quality than pasture, Bryant (1978) 

found that milk yield was increased when silage was included in the 

diet.

The effects of inclusion of silage on the fat content of the milk 

are varied but tend to be inversely related to the effect on milk 

yield (table 1.3). Where silage is of better quality than herbage, 

fat content is decreased (Bryant, 1978; Rogers and Robinson, 1980b), 

otherwise there is little change or it is slightly increased. The 

inclusion of silage in a pasture-silage diet increases the degree of 

saturation of the milk fatty acids (Rogers, 1980) which increases the 

keeping quality of the milk (Keen and Kroger, 1975).
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The reduction in total DM intake when silage was included in 

the diet caused reductions in milk yield and milk fat yield that 

were similar to changes caused by restriction of herbage intake

{section 1.1.1.2) (appendix 2).
I

Protein content tends to be reduced by including silage in the 

diet. This probably arises both from the reduction in total DM 

intake and the low protein content and nitrogen retention of silage 

compared to fresh herbage. Increasing the cutting interval of 

fresh herbage greatly reduces the nitrogen content (Ashford and 

Troelsen, 1965; Wilkins et al, 1981). Ensiling herbage reduces 

nitrogen retention by ruminants,and the reduction in total DM intake 

of silage compared with herbage reduces nitrogen intake (Grenet and 

Demarquilly, 1983). Dietary protein supply to the tissues is thus 

enhanced in fresh herbage diets, which will result in increased 

uptake by the mammary gland and increased non-protein-nitrogen 

content of the milk (Thomas, 1980). The magnitude of the depression 

in milk protein content when silage is included in the diet depends 

on the quality of the silage offered (Bryant, 1978; Rogers and 

Robinson, 1980a).

The effect of inclusion of silage on liveweight change is poorly

documented. Reductions in liveweight gain of between 0.3 and 
-10.8 kg day have been reported by Miller gt al ( 1965) ,Bryant and Donnelly 

(1974) and Rogers (1979), but silage has been reported to increase 

liveweight gain where pasture is of lower quality (Bryant, 1978).
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1.2.1.2 Restricted herbage + silage compared with restricted herbage

1.2.1.2.1 DM intake When herbage allowance is restricted, offering

silage as a buffer feed will decrease herbage DM intake but increase

total DM intake relative to intake at the restricted level (Hutton

and Parker, 1965; Moate, et at, 1980; Rogers and Robinson, 1980a),

Substitution rates can be calculated to relate the intake of herbage

DM at restricted allowances to silage DM intake. Moate (1980) found

that substitution rate (kg herbage DM kg^silage DM ) decreased as

the restriction of pasture increased (0.21 at low pasture allowance,

0.39 at high pasture allowance). There was little effect of level

of silage offered on substitution rate (0.28 at 3 kg DM day ^, 0.32 
-1at 6 kg DM day ), although this is likely to depend on the degree 

of pasture restriction.

1.2.1.2.2 Dairy cow production Results from cows offered a 

restricted herbage ration with ad tibttum silage are shown in 
table 1.4. Offering silage tended to increase milk yield and 

fat yield, decrease milk fat content and had small, variable effects 

on milk protein content. The increases in milk yield and fat and 

protein content when silage was offered were less than would be 

expected from offering additional herbage (section 1.1.1.2), which 

is contrary to what was found when silage and herbage were compared 

with ad libitum herbage (section 1.2.1.1.2). This is probably 

explained by the short duration of experiments in table 1.4 (mean 

40 days) and the greater degree of restriction (57% of ad libitum 

intake) compared with herbage as a supplement (68% of ad libitum 

intake) in section 1.1.1.2. Both of these factors would increase 

tissue mobilization at the restricted herbage level, thus reducing
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the effect of a silage supplement on milk production. In a review 

of short-term feeding experiments in Australia, McGowan (1980) found 

no substantial differences in efficiency of milk fat production 

between silage and herbage as a supplementary feed to herbage.

It has not been possible to examine in detail the effects of 

offering silage as a buffer feed on liveweight change relative to 

restricted herbage due to the paucity of information and short 

duration of some trials. Bryant (1978) and Rogers (1979) reported 

a reduction in liveweight loss when silage was offered. In addition 

it has not been possible to fully evaluate stage of lactation effects 

on the efficiency of silage as a buffer feed. McGowan (1980) 

reported that mid-late lactation cows were only 4% less efficient 

than early lactation cows in the conversion of herbage as a buffer 

feed into milk fat.

Comparing different methods of feeding silage with pasture, 

Wallace and Parker (1966) concluded that there was no difference in 

intake or production between cows offered silage in a covered yard 

overnight, or cows allowed to consume a week's ration of silage then 

turned out to pasture for the remainder of the week. Feeding the 

silage in the field without a trough increased silage wastage to 23% 

compared to 5% when fed indoors.

1.2.1.3 Utilized metablizable energy (see glossary) from silage 

compared with grazing areas

Although feeding silage in large amounts will entail some losses 

in animal production relative to ad Zihitim herbage, if high levels
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of grassland utilization are to be achieved some losses in individual 

cow performance must be sustained (McMeeken and Walshe, 1963; Gordon, 
1981). Offering conserved forage as a buffer feed will reduce 
grassland utilization compared with a restricted herbage ration 

(Stockdale et at, 1981), unless stocking rates are increased to 
utilize the extra herbage available.

A potential benefit of offering silage with restricted herbage is 
- 1increased UME output ha from silage compared with grazed herbage 

(Van Keuren et at, 1966). Decreasing the cutting frequency of herbage

increases yields of DM (figure 1.6) and ME (Chestnutt et at, 1977;
IWilkins et at, 1981), especially at high levels of nitrogenous 

fertilizer.

4
-p
TJI—I(D•H

§

I

18

9 Cut (silage stage) 
Cut (grazing stage) 
Grazed

800400

Fertilizer N application(k'g ha )̂

Figure 1.6 Effect of cutting stage on herbage DM yield at various 
levels of nitrogen fertilizer (from Richards, 1977)
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Increases in UME ha  ̂will be less than increases in DM yield ha  ̂

because of the lower ME content of silage compared with herbage.

Under experimental conditions differences in UME output are not

always apparent. Applying a UME calculation (MAFF et at, 1975) to

an experiment by Castle and Watson (1978), where land was grazed or
-1ensiled, produced UME outputs of 87 and 89 GJ ha respectively.

Farmers, however, tend to understock their grazing land in spring, 

and a farm survey has shown that ensiled areas produced approximately 

17 GJ ha more than grazed areas (Walsh, 1982). In addition,

Hopkins (1983) estimated that only 65% of the available ME from grazed 

herbage on dairy farms in England and Wales is utilized.

Losses from grazed swards are mainly due to contamination, poaching

and herbage senescence (Stuth et at, 1981) and are commonly around

25% under experimental conditions (Doyle et at, 1982). Losses are

decreased at low herbage allowances and when silage aftermaths are

gradually released (Stuth et at, 1981; Doyle et at, 1982). Losses

from ensiled wilted herbage under good management range from 10%

(Moisey, 1981) to 21% (Wilkinson, 1981). With wilted silage the
_1decrease in digestibility associated with wilting (about 20 g kg d m ) 

is balanced by the increase in gross energy content due to in-silo 

losses, with little resulting change in digestibility as a result of 

the conservation process (Wilkinson, 1981).

If silage comprises a major part of the diet the maintenance 

requirement of the cows - 10-20% higher for grazing cows than housed 

cows (NRC, 1978) - will be reduced. However, the support energy
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used for making silage compared with grazing herbage is greater by 

between 9% (direct cut silage, no additive) and 61% (wilted silage, 

with additive) (White et at, 1983). Although silage costs almost 

twice as much as grazed herbage when it is the basal forage in the 

diet (Lazenby and Doyle, 1981), the cost of making additional silage 

to feed in the summer will be confined to the variable rather than 

fixed costs (Van Keuren et al, 1966).

1.2.2 Maize silage 

Inclusion of maize silage into summer feeding could not only 

act as a buffer to variation in herbage intake but also has potential 

benefits of increased output ha ^, a more balanced seasonal work 

pattern and reduced risk of crop failure due to the spread of 

harvesting dates (Phipps, 1978). Maize silage also has a consistently 

high energy content but low crude protein, mineral and vitamin content 

and is therefore a suitable nutritional complement to herbage with its 

variable energy content and high crude protein content.

1.2.2.1 DM intake

Inclusion of maize silage in a herbage based diet up to approximately 

33% of total DM intake generally increases total DM intake (Hutton,

1975) (table 1.5), despite the slightly lower energy content of 

maize silage. This may be due to more rapid digestion compared with 

herbage (Bryant and Donnelly, 1974). At higher proportions of maize 

silage in the diet the crude protein content of the diet is limiting, 

and rumen microbial population falls with a corresponding decrease in 

total DM intake.
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In the experiments of Hijink (1972-3) (table 1.5) maize silage 

was offered overnight at a restricted level, and total DM intake 

was depressed by the limitation on herbage intake during the day.

Cows housed overnight and grazed during the day (8-8,5 hours) are
-1restricted to a maximum herbage intake of 10-11 kg herbage DM day 

under good grazing conditions (Hijink, 1978) and will spend up to 

75% of their time outside grazing (Vik, 1956) . If supplementary 

feed is offered overnight the intake drive during the day is reduced, 

and herbage intake is further reduced.

Substitution rates of herbage DM for maize silage DM are equal to 

or less than 1.0 with some evidence of higher substitution rates at 

higher levels of supplementation (Bryant and Donnelly, 1974). 

Substitution rates are approximately 0.30 and 0.15 higher than 

concentrates and dry beet pulp respectively offered under the same 

circumstances (Hijink, 1978).

1.2.2.2 Dairy cow production

In the experiments of Hijink in 1972-3 (table 1.5) milk yields 

were depressed by the restriction of maize silage and herbage intake. 

Otherwise milk yield was only depressed when maize silage was 

included at 75% of the total diet. Both milk fat and protein content 

were depressed by inclusion of maize silage. Offering a protein 

supplement will increase milk protein yields but have no effect on 

milk fat yields. This may be mediated through increased milk yields 

and decreased milk fat content, rather than increased milk protein 

content (Davison et at, 1982).
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1.2.2.3 Buffer feeding

The results of Hijink (1978) suggest that maize silage is 

generally eaten in preference to grazed herbage, which will restrict 

its use as a buffer feed. In addition, if large quantities are 

included in the diet total DM intake will fall. However, if herbage 

is restricted, offering maize silage at a low level eg access for 

1 hour day ^, will increase milk yield and liveweight gain (Seath 

and Elliott, 1950; Davison et al, 1982). Further increases in 

milk protein yield may be obtained by inclusion of a protein supplement.

The use of maize silage will only be economic if high crop yields
-1ha are achieved - a factor which precludes its use in the northern 

parts of Great Britain. In addition, it must be stored for 6-12 

months before it can be used with summer grazing.

1.2.3 Hay

The use of hay at pasture has generally been as a means of 

increasing DM intake when herbage is restricted, and to increase 

the intake of fibre after turnout in spring.

1. 2.3 .1 Hay offered ad lih'ttum with herbage compared with 
ad l'ùbïtum herbage

Where herbage is available ad libitum, offering hay as a 

supplement has little effect on total DM intake (table 1.6), and 

the substitution rate of herbage DM for hay DM is approximately 

1.0 (King and Stockdale, 1981; Stockdale et al, 1981). The 

reduction in herbage intake when hay is offered as a supplement 

will reduce pasture utilization unless stocking rates are increased 

(Stockdale et al, 1981).
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After turnout the intake of fibre is low (McClymont, 1950),

but cows will only eat small quantities of hay where ad Zihitum

herbage is available (Castle et al, 1960; Walsh, 1969). This

still results in appreciable increases in milk fat content and

fat yield with only slight reductions in milk yield and milk

protein content (see table 1.6). In these circumstances hay is

used as efficiently for milk fat production as when offered as a

supplement to restricted herbage (table 1.7) - 14 g milk fat 
- 1kg hay DM . Cows can be encouraged to eat more hay by offering 

it indoors overnight (Parker, 1966) or possibly by increasing the 

palatability of the hay eg by the addition of molasses.

Offering hay at other times in the grazing season produces 

variable results compared with ad libitum herbage (table 1.6) - 
where hay is of lower quality then herbage, milk fat yield and 

protein content are decreased. Hay offered as a mid-day supplement 

in hot weather has little or no effect on milk production (Seath 

and Miller, 1947; Seath et al, 1955).

1.2.3.2 Hay offered ad libitum with herbage compared with 
restricted herbage

Offering hay as a supplement to restricted herbage increases 

total DM intake (table 1.7) especially at low herbage availabilities, 

Substitution rate decreases as herbage availability declines 

(Eldridge and Kat, 1980). The intake of hay is greater where the 

hay is of good quality (King et al, 1977) and is increased by 

inclement weather - Walsh (1969) found that hay intake increased 

from 0.3 kg DM day  ̂ to 1.6 kg DM day  ̂during inclement weather.

Hay can be either fed in the field or in a feeding passage. When
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offered in racks in the field wastage can be high, especially where 

hay is of low quality and there is a high degree of selection 

(King et at, 1977). In addition the field may become poached 

around the rack.

The effects on milk yield and production in table 1.7 reflect

the increased total DM intake when hay is fed. Milk yields, milk

protein content and milk fat yields were generally increased and

milk fat content decreased by offering hay. Hay was used with the

same efficiency as silage offered with restricted herbage (see
— 2table 1) - 14 g milk fat kg hay DM intake . Where hay and silage 

have been made from the same swath, hay is of equivalent (Morrison 

and Deal, 1952) or slightly higher (Rogers, 1969) feeding value to 

silage when used as a pasture supplement. Hay may be preferred 

for feeding in small quantities because it does not deteriorate, 

whereas silage must be removed from the pit at a reasonable rate to 

prevent surface deterioration.

1,2.4 Straw

Straw, with its high gross energy and low crude protein content, 

has mainly been investigated as a buffer to intensively fertilized 

pastures with a high crude protein content. It has been offered 

with ad libitum, rather than restricted, herbage and has been fed 

either alone or mixed with a high energy, low protein supplement 

such as molasses (Hildebrandt, 1958) or potato flakes (Sjollema, 1950)

Straw intakes are increased where pasture has received a high 

level of nitrogen fertilization (Campling et al, 1958; Leonhard-
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Kluz et al, 1979) and therefore has a high crude protein and low 

crude fibre content (Arnold and Holmes, 1958). An overriding factor 

may be the DM content of the herbage - straw intakes are low in dry 

weather but increase during wet weather (Arnold and Holmes, 1958).

Offering straw with ad lihitum herbage has only small effects on 

milk production (table 1,8), Milk yields are slightly decreased, 

milk fat content increased and milk protein content unaffected.

Inclusion of molasses does not greatly increase straw intake and

only small increases in milk fat content are obtained (Hildebrandt, 1958)

usually when the crude fibre content of the herbage is less than 
-1200 g kg DM. Further addition of acetic acid greatly increases 

intake but decreases milk yield (Hildebrandt, 1958). High intakes 

and beneficial effects on milk fat production have been recorded where 

straw treated with sodium hydroxide (Leonhard-Kluz et al, 1979) or 

mixed with potato flakes (Sjollema, 1950) has been offered as a 

supplement to ad libitum herbage.

Improvements in liveweight gain have been reported for cows offered 

straw at pasture (Arnold and Holmes, 1958; Hildebrandt, 1958; Horne 

and Barber, 1971), but in the absence of major effects on milk 

production it is likely that most of this improvement was due to 

increases in gut contents (Arnold and Holmes, 1958).
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1.2.5 Conclusions

When conserved forage is offered with ad libitum herbage the 

intake of the conserved forage will be low if it is of low quality 

eg straw, but can form a major part of the diet for better quality 

feeds eg silage. However, the quality of the conserved forage is 

usually lower than herbage and for this reason total DM intake is 

depressed. This reduces milk yield and often milk protein content 

and has small, variable effects on milk fat content. An exception 

is spring herbage of high digestibility where offering hay increases 

milk fat content and fat'yield.

Where conserved forage is used to supplement a restricted herbage 

ration, total DM intakes are increased and substitution rates are 

lower than with ad libitum herbage. Substitution rates are slightly 

greater at high levels of supplementation and are generally higher 

than for concentrates offered under the same circumstances (Hijink, 

1978). As a result of the substitution of conserved forage for 

herbage, pasture utilization is reduced unless stocking rates are 

increased. When herbage is restricted offering hay or silage 

increases milk yield and sometimes milk protein content but decreases 

milk fat content. Overall the yield of milk fat and protein are 

increased,

A further benefit of offering grass or maize silage is the increased 

UME output hectare  ̂compared with grazed herbage.
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CHAPTER 2

BUFFER FEEDING IN CONJUNCTION WITH GRASS SILAGE AS THE BASIC FORAGE 

2,1 RESTRICTING THE ALLOWANCE OF SILAGE

2.1.1 Possible mechanisms of a silage restriction

Silage DM intake may be restricted for a variety of reasons,

not all of which are intentional on the part of the farmer. The

most important is insufficient conservation, although this may be 

precipitated by high stocking rates.

The high herbage growth rate in spring enables surplus herbage 

to be conserved, but climatic variables will determine the quantity 

and quality of feed conserved. Later in the grazing seasons the

rainfall is even more variable (Garwood et al, 1977), and the

proportions of conserver^ and grazed herbage may vary according to 

herbage availability (Illius and Lowman, 1983). The use of forage 

planning guides (Dodds and Galt, 1981) and computer prediction 

models (Spedding, 1983) will increase the amount of silage conserved 

in years of high herbage availability, and this will have the effect 

of increasing variation in the annual amount of silage conserved. 

Coefficient of variation of annual herbage yield in England has 

been recorded as 24% (Garwood et al, 1977).

In certain circumstances insufficient forage conservation may 

be overcome by turning cows out early in the spring but the more 

usual practice is to restrict silage intake. This may be 

implemented in a passage feeding system by reducing the silage 

allowance cow  ̂or simply by making the cows consume all the silage 

offered. Leaving the manger empty for 4-5 hours day“  ̂will reduce
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intake by approximately 6% (Coppock, 1977). In addition restricting 

the available feeding space cow  ̂may reduce intake - Friend et al
-1(1977) found that restricting manger width from 0.50 to 0.25 m cow

reduced DM intake by 13% but Reynolds and Campling (1981) found that

having 50% more cows than mangers did not affect silage DM intake
-1even when access was restricted to 7 h day

In a self-feeding system silage intake may be restricted by 

reducing either the time of access to the feed face or the width 

of face cow (Leaver and Yarrow, 1977) or by positioning a movable 

barrier in front of the feed face (Chalmers, 1980).

In a competitive situation silage DM intake is related to 

dominance (Reynolds and Campling, 1981) and the coefficient of 

variation of intakes may be increased. In addition the rate of 

silage DM intake is generally increased (Reynolds and Campling, 1981).

2.1.2 The effect of restricted energy intake on milk 
production and liveweight change

Restricting the energy intake of dairy cows usually results in a 

decrease in milk yield and milk protein and lactose content (Dawson 

and Rook, 1972) provided the concentrate:forage ratio remains 

constant. Under these circumstances there is usually little 

change in the milk fat content (Fisher et al, 1975), If concentrate 

intake is reduced, however, milk fat content increases (Rook and 

Line, 1961; Astrup et al, 1980; Carstairs et al, 1981) unless 

the crude fibre content of the diet is limiting (Gordon and Forbes, 

1971).
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If the concentrate;forage ratio is increased at the same time 

as energy intake declines, as occurs when silage intake is 

restricted, milk fat content is usually decreased (Ekern, 1972; 

MahannQ., 1980). In addition, there may be some decline in milk 

yield and milk protein and lactose content.

Liveweight gain is generally reduced by lowering the energy 

intake (Gordon and Forbes, 1970). During moderate underfeeding 

most of the initial restriction of energy intake is partitioned 

towards a reduction in live weight until a basal level of body fat 

is reached (Neilson et al, 1983), After this milk production is 

adversely affected. Severe underfeeding or inanition produces 

an immediate drop in milk yield (Smith et al, 1938), possibly 

because there is a maximum rate of body tissue mobilization.

Cows in the initial stages of lactation usually utilize body 

reserves rapidly to compensate for reduced appetite and following 

this underfeeding may produce large reductions in milk production. 

The level of fat reserves is therefore crucial in determining the 

response of the dairy cow to a period of undernutrition. If energy 

intake is reduced by restricting silage intake the change in 

concentrate ; forage ratio may cause extra energy to be partitioned 

to liveweight change at 1phe expense of milk production, due to 

changes in the activity of the enzymes involved in lipid metabolism 

(Ekern and Vikmo, 1979),
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It is unclear whether the efficiency of utilization of ME 

is increased during underfeeding (Van Soest, 1963). Although it 

is unlikely that the efficiency of utilization of ME for liveweight 

gain or milk production could vary (ARC, 1980) the maintenance 

requirement could conceivably be reduced due to a lower metabolic 

rate or a reduced micro-organism population of the rumen,

2,2 OFFERING CONSERVED FORAGE WITH SILAGE

2.2.1 Hay

The effects of offering hay as a supplement to grass silage on 

total DM intakes and milk production are shown in table 2,1. In 

these experiments different levels of hay DM intake were achieved 

by offering it in set proportions of milk yield or live weight.

Other experiments in Norway (Breirem et al, 1959) have demonstrated 

little benefit in terms of milk yield of offering hay with AIV silage 

(low pH silage with acid additive),

Offering low quality hay with ad libitum silage has little effect 

on milk yield or composition (Nicholson and Parent, 1957; Retter 

and Castle, 1982 - experiment 1),although it may increase total DM 

intake. Medium and high quality hay will increase total DM intake 

and milk yield but may reduce milk fat content (Retter and Castle, 1982)

Chopping hay does not improve its nutritional value and may reduce 

intake compared with long hay (Castle et at, 1981). However, 

grinding hay will increase intake and the digestibility of the hay 

(Castle et al, 1981),
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These results do not support the view that some hay is necessary 

for the correct functioning of the rumen (Helminen, 1979), but hay 

can be beneficial in increasing intake and milk production. In these 

experiments it is likely that DM intake was increased by the 

synergistic effect (Coppock et at, 1974) of increased intake when 

two feeds are offered compared with one. If silage is of poor 

quality or of low intake characteristic (eg low DM silage, Dodsworth 

and Campbell, 1953) it is likely that hay will be of more benefit.

In addition,if silage conservation is insufficient and intake is 

restricted,hay could be useful as a buffer feed (Retter and Castle, 

1982), A benefit of making both hay and silage is that the spread 

of harvesting is increased (Breirem et at, 1959), which will reduce 

peak labour requirements and distribute the risk of inclement weather 

affecting the harvest more evenly over the season.

The benefits of offering hay with maize silage as the basic forage 

have been adequately demonstrated (Logan et at, 1968; Waldem,1972; 

Bolter et at, 1973; Grieve et at, 1980) but are beyond the scope of 
this review,

2.2,2 Straw

The potential advantages of replacing silage with straw in the 

ration of dairy cows are mainly economic rather than nutritional. 

Inclusion of straw will increase annual stocking rates if straw is 

readily available as a byproduct of cereal production.(MAPF, l969d; 

1982). Even if straw has to be purchased the cost per unit of ME 

is considerably less than that of silage or hay (Butler, 1981).

However straw is of low digestibility, in particular cellulose
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digestibility is low due to the high lignin content of the cell 

walls (Frank, 1982).

Voluntary intake of straw is low, even when the crude fibre 

content of the diet is low, and especially in early lactation.

This has led to cows going off their feed in early lactation when 

straw is the basic forage (MAFF, 1969d) and also a low fat milk 

syndrome at this time (Frank, 1982). These problems are increased 

by the large variation in the acceptability of straw to dairy cows 

(Frank, 1982). Incorporation of the straw into a complete diet 

mix will increase intake, as will milling and pelleting, but the 

latter will be of little use in overcoming low fat milk problems 

(Amir et at , 1970).

These nutritional problems demonstrate that it is unwise to 

compare feed costs MJ  ̂ME. In general straw should only replace 

some of the silage or hay in the diet in mid to late lactation if 

it is less than one third of the cost of the basic forage (Frank, 

1982).

2.2,3 Alkali-treated straw

Alkaline treatment of straw, usually with ammonia or sodium 

hydroxide, improves diet digestibility (and hence voluntary intake) 

by dissolving hemicellulose and lignin (Jackson, 1977). When 

calculated from in vitro digestibility the energy value of treated 

straw is overestimated (Wilkinson and Santillana, 1978), but it is 

possible to base complete diets for dairy cows on ammonia-treated 

straw as the only source of roughage and maintain high intakes and 

milk yields (0rskov et at, 1983).
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Mixing alkali-treated straw with silage at 25-30% of the DM will 

neutralize the acidity of the silage and increase DM intake relative 

to silage or treated straw alone (Terry et at, 1975; MAPF, 1982). 

However the lower feeding value of the treated straw reduces animal 

production on a mixed diet, compared with silage only (Wilkinson 

and Santillana, 1976; Terry, et at, 1975). Higher inclusion rates 

of treated straw with silage depress DM intake and production 

(Owen et ai, 1980). As a supplement to silage better response has 

been obtained from straw treated with the Beckman process compared 

with sodium hydroxide or ammonia (Mason, 1981).

If silage is added to ammonia-treated straw as the basal forage 

the intake of treated straw declines by 0.8 kg DM kg  ̂ increase in 

silage DM (Ekern and Vikmo, 1979), As with straw, it is not advisable 

to feed alkali-treated straw in early lactation due to the restricted 

appetite at this time.
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CHAPTER 3

EXPERIMENT 1 THE EFFECTS OF OFFERING HAY TO DAIRY 
COWS SET-STOCKED AT A HIGH AND A LOW RATE

3.1 INTRODUCTION

Traditionally grazing land has been understocked, which provides 

a residue of herbage that is able to buffer the effects of weather 

and husbandry on herbage availability (Greenhalgh, 1975) but also 

results in low levels of grassland utilization. In addition, as 

frequent harvesting is necessary to maintain high quality pastures, 

the planned use of understocking to buffer variation in herbage 

availability results in a low quality pasture. Grazed herbage is 

therefore unsuitable as a buffer as it deteriorates with time.

With the advocation of higher stocking rates for more efficient 

grassland utilization and increased output ha ^, the need has 

developed for a storable buffer. Concentrate feed is readily 

available but is expensive and requires considerable skill in 

allocation on the part of the farmer as it tends to be eaten in 

preference to herbage. If concentrates are offered when not 

required, they will substitute for herbage and depress grassland 

utilization (Leaver et at, 1968).

The use of conserved forage as a buffer that will be eaten when 

required, but not in preference to pasture, should enable a high level 

of grassland utilization to be achieved without restricting intake 

(Greenhalgh, 1975) . In addition, whereas the use of low stocking 

rates can to some extent buffer the effects of weather on herbage 

availability, it cannot counteract the adverse effects of weather on
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the animal itself. in inclement weather grazing animals lose "the 

will to feed" (Duckhara, 1967), but offering conserved forage indoors 

could avert any depression in intake.

This experiment investigated the effects of stocking rate and 

offering hay as a buffer feed on the performance of set-stocked dairy 

cows.

3.2 MATERIAL AND METHODS

3.2.1 Design

Forty-eight British Friesian cows (marker cows) with a mean 

calving date of 19 February were allocated to 4 treatments in a 

2 factor factorial experiment - H, high stocking rate; Hh, high 

stocking rate + hay; L, low stocking rate and Lh, low stocking rate 

+ hay. Treatment groups were balanced for milk yield, live weight, 

condition score, number of days calved and previous experimental 

treatment (Appendix 3), The experiment ran for 24 weeks (divided 

into 3 eight week seasons) from 15 April to 30 September 1981.

Stocking rates were maintained as in table 3.1 using additional 

autumn and late-winter calving cows. These were allocated to the 

4 treatment groups and were balanced in the same way as the 48 marker 

cows in order to equate DM intakes (Appendix 3).

Table 3.1 Stocking rates

season Date Stocking rate
High Low

Early 15/4- 9/6 6.7 5.9
Mid 10/6- 4/8 4.3 3.7
Late 5/8-29/9 3.7 3.2

Mean 4.9 4,3
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At the end of early|and mid-season two of the extra cows were 

removed from each treatment, the balance of milk yield and liveweight 

in the remaining extra cows being maintained. Treatment effects 

were determined solely from the 48 marker cows that remained on the 

experiment throughout the 24 weeks.

3.2.2 Dairy cow management and measurements

Between calving and the start of the experiment cows were offered 

ad libitum self-feed silage and 9-15 kg concentrate day  ̂in a separate 

experiment. Previous experimental treatment was taken into account 

during allocation to treatment groups.

During the experiment cows were milked from approximately 06.30 

to 07.30 and 15.00 to 16.00 hours. After morning milking cows on 

treatments Hh and Lh were offered chopped hay in a feeding passage 

for approximately 45 minutes. Cows not receiving hay were given 

access to cubicles during this period and all cows were returned to 

grazing at approximately 08.30 hours. For a trial period when hay 

intakes were particularly high (10-24 June) hay was also offered 

after afternoon milking. This was discontinued after intakes 

declined to a low level.

Milk yield was measured on one day each week and separate aliquot 

milk samples taken at morning and evening milking for the analysis of 

fat, protein and lactose content using a E l e c t r i c  Milkoscan 203 

(Biggs, 1979). Live weight and condition score (assessed by the 

tailhead scoring system of NIRD, 1977) were measured weekly and 

liveweight change and condition score change determined for early, 

raid and late season by regression.
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Six of the higher yielding marker cows on each treatment were used 

for the observation of grazing behaviour. Treatment means of these 

cows were balanced for initial milk yield, live weight and stage of 

lactation (Appendix 3). Cows were identified by numbers painted on 

each side in white gloss paint. At monthly intervals records of time spent 

grazing, standing, standing and ruminating, lying, lying and ruminating, 

walking and the number of drinks were made by a team of observers over 

a 24 hour period. For the purposes of these observations grazing was 

not necessarily an instantaneous assessment but was defined as "the 

ingestion of herbage within 15 seconds of initial observation".

Observation was aided during the day by a pair of binoculars and 

during the night by the use of a 6 Volt torch. Cows were conditioned 

to the presence of an observer and torch on nights prior to the first 

observation. Records were made at 5 minute intervals during the day

and 15 minute intervals at night .
Rate of biting at pasture was measured with the same cows on 

20 days in late season. The measurements were taken during the 

first grazing period after morning milking ie between 08.45 and 09.45 

hours approximately. The number of grazing bites (assessed by 

movement of the cow's head) taken in 90 seconds was recorded but 

if there was an interruption in the biting action of more than 

15 seconds a new recording was initiated. The sequence for recording 

cows was determined daily by allocating the 24 cows to 6 blocks at 

random, followed by random allocation of the treatments within blocks.

On two occasions each week observations were made of the length 

of time each cow on treatments Hh and Lh spent ingesting hay.

Observations of which cows were feeding were made every three minutes
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over the entire feeding period, and the results were related to the 

mean daily hay intake of each group to obtain individual hay DM intakes.

After the experiment all cows were housed throughout the day and
-1were offered self-feed silage and 3 kg concentrate day . A

3 week post-experimental period was used for the analysis of carryover
I

effects. Cows were dried off when their milk yield fell below 
-15 kg day

3.2.3 Fields and feed management

Fields were bisected with electric fencing and the halves randomly

allocated to high or low stocking rates. In early season cows

grazed 5.1 ha of a perennial ryegrass (Lolium perenne) ley, variety

Perraa, during the day and 4.7 ha of a perennial ryegrass, and white

clover (Trifolium repens) ley at night. Both fields were sown in

1977. In raid and late season 4,2 ha of silage aftermath (perennial

ryegrass, variety Perma, sown in 1977) were introduced and a field

rota was determined weekly to equate herbage height on the 3 fields.
-1Mean fertilizer application over the entire area was 364 kg ha

-1 -1  nitrogen, 63 kg ha phosphate and 56 kg ha potash (Appendix 4).

Herbage height was measured weekly using a rising plate meter

produced by the Milk Marketing Board (Baker, 1980). Approximately 
-110 measurements ha were taken in a W pattern across each treatment 

area and it was also recorded when a measurement occurred in an 

area of herbage that had been rejected due to faecal contamination.

An investigation was also performed which ascertained that herbage 

height measurement could not be improved by increasing the number of
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measurements ha  ̂or by using the disc described by Castle (1975) 

(Appendix 5).

Hay offered in early and mid season was made in 1980 from a 

predominantly perennial ryegrass ley, variety Hora. Hay offered 

in late season was made in 1981 from a permanent pasture with a 

variety of herbage species. Hay was chopped using a forage 

harvester and chop length was determined once in early, mid and 

late season from an accumulated dried sample at the National Institute 

for Agricultural Engineering (Gale and Knight, 1979). As the 

distribution of chop length was not normal, mean chop length was 

determined from the regression of the % distribution by weight with 

the log of the chop length (Gale and Knight, 1979). Hay was offered 

in sufficient quantities to ensure that 10% of the original weight 

was available for weighing daily as a residue.

Concentrates were offered twice daily in the parlour. All cows

received concentrates at the same level which varied weekly according

to sward height and the milk yield of cows on the low stocking rate

(Appendix 6). Essentially they were offered at a rate of 
-10.45 kg kg milk produced over the yield level attributable to

the herbage, which was determined by the herbage height and the
_ 1season. Concentrates were offered at 4 kg day in the first week 

of the experiment to ensure adequate magnesium intake. The 

concentrate cube contained, for the majority of the experiment,

rolled barley with a mineral/vitamin supplement and molasses as a
“ 1 -1 binding agent (ME 13.4 MJ kg DM; CP 112 g kg DM). During the

last 4 weeks of the experiment the concentrate used was similar to
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that utilized in the winter feeding trials (Appendix 11) (ME 12.6 MJ kg 

DM; CP 185 g kg"^ DM). All cows had access to water both in the 

field and during hay-feeding.

Herbage samples were collected once a week from each treatment area 

by hand-plucking (Cook, 1964). Hay samples were taken daily and were 

sub-sampled weekly for determination of chemical composition. An 

additional oven DM determination of fresh hay and hay refusals was 

performed weekly for the calculation of DM intake. Concentrates were 

sampled once a week for determination of chemical composition.

In vitro digestibilities of the feeds were determined according to 

Alexander and McGowan (1961, 1966), and the equation used for the 

prediction of the ME content of the feeds is shown in Appendix 7.

Herbage DM intakes were calculated from individual animal 

performance in early, mid and late season using the following equation; 

Herbage DM intake (kg day ^) =

ME Maint. + ME Milk + ME Lwt. - (Cone ME + Hay ME)
Herbage ME concentration (MJ kg  ̂DM)

ME Maint, ME milk and ME Lwt are the ME requirements for maintenance,

milk production (including adjustment for milk quality) and liveweight

change respectively (from MAFF et at, 1975). Cone ME and hay ME

represent the ME supplied by concentrates and hay (where applicable),

Herbage DM intakes were also calculated by the same method for each

treatment on a weekly basis to determine the seasonal change. In

this case liveweight change for each week was estimated by a regression

of liveweights over 2 weeks either side of each date.
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Intake and requirement of rumen degradable protein (RDP) and 

undegradable protein (UDP) were calculated from ARC (1980),

Weather records were taken at a meteorological station 

approximately 1500 m from the grazing area,

3.2.4 Statistical analysis

Results were analysed by 2 factor factorial analysis with milk 

yield and milk composition results being adjusted by covariance 

analysis for differences in initial milk yield and composition 

(Steel and Torrie, 1960). One cow in treatment Hh developed 

recurring mastitis and missing plot values for milk yield and milk 

composition were calculated according to Steel and Torrie (1960).

Herbage height, chemical composition and the substitution rates 

of herbage for hay were analysed by 2 factor factorial analysis with 

treatments and periods as the 2 factors and weeks as replicates. 

Whilst it is recognized that weeks are not strictly replicates in 

this instance,their use as such enabled an indication of the 

significance of the differences to be obtained.

To examine the effects of level of milk yield on the response 

to hay feeding and stocking rate a third factor - high or low initial 

milk yield - was introduced into the analysis. For this purpose, 

the balanced group of 6 high yielding cows treatment"^ that were 

utilized for grazing observations were regarded as high yielders 

and the remaining 6 cows treatment  ̂as low yielders.
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3.3 RESULTS

3.3.1 Weather

Taken over the whole grazing season total rainfall (491 mm), 

sunshine hours (881) and mean maximum and minimum temperatures 

(16.1 and 8.4°C respectively) were normal (Appendix 8). However 

rainfall was particularly high at the end of the early and late 

seasons (figure 3.1).

3.3.2 Herbage height

Differences in herbage height between treatments were small 

(table 3.2) but this may have been affected by initial treatment 

differences (figure 3.2). As the season progressed herbage height 

declined and herbage intake may have been restricted during mid and 

late season. Differences in grazed herbage height (herbage height- 

rejected herbage measurements) were similar to herbage height although 

the standard errors of grazed herbage height were lower. In early 

season grazed herbage height was higher on the high stocking rate, 

again possibly due to initial treatment differences. In mid and 

late season grazed herbage height was higher on the low stocking rate 

and became progressively lower than herbage height (figure 3.2), thus 

reflecting the increased proportion of rejected herbage. Mean height 

of the rejected herbage was 10.9 cm.

Standard deviation of herbage height increased as the season 

progressed and tended to be higher on the low stocking rate. This 

must have been due to the rejected herbage since the standard deviation 

of grazed herbage height exhibited no treatment differences and 

actually declined as the season progressed.
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The proportion of herbage rejected increased linearly over the 

season and tended to be higher on the low stocking rate in mid and 

late season. Mean regression equation for the three fields over 

the grazing season was;

y = 0.98x (r = 0.85***) equation 1

where y = the proportion of herbage rejected (%)

X = week of the grazing season

In other words each week 1% of the area of each field was rejected 

due to faecal contamination and by the end of the grazing season 

approximately 25% of the total area had been rejected. Mean proportions 

of herbage rejected in mid and late season in the silage aftermath, 

the field used for day grazing in early season and the field used for 

night grazing in early season were 10, 15 and 26% respectively. The 

ratio of these three values (19:30:51) corresponds closely to the 

estimated ratio of faeces deposited ha  ̂on each field (15:31:54) 

(calculated from the stocking rates and assuming 1.3 times as much 

faeces is deposited on the night pasture as on the day pasture 

(MaClusky, 1959)). There was therefore an accumulation of rejected 

herbage on the field used for night grazing in early season due to 

the greater proportion of faeces deposited on this field (plate 1).

3.3.3 Feed composition 

Chemical composition of the feeds is shown in table 3.3. Herbage 

ME content declined in early and late season and was relatively constant 

in mid season (figure 3.3), There was no apparent difference between 

the two stocking rates. Herbage crude protein exhibited a series of 

peaks and troughs, most evident in the early part of the season.



RIGHT GRAZING FIELD

DAY GRAZING FIELD

PLATE 1

Fields used for night and day grazing 
after six weeks of the grazing season



66

en
U)Tf
0)
0)

4-1I
44
O

G
0  
■H

(A1

W

0)
44

5
(dcO
fd

W T3
g

(0
P
U
0)

44
44
W

PI(dgIU3

00
ro 01

en
01 (d

«—1 A
A 14
fd 01
E4 m

■X X X X
* X X X X X CO

* X X X X X X X Z
r- 00 en

LO cû OO o cû r-'d* CN 'd' CN O O
m o CN en o o o

00 d*00 r- co en
uo o en Cû •d* 'd* CN OOen CN CN 00t-i co CN co

00 «d CNCN LO 00 d
OO 'd’ 00 LO UO -d' CN d*Cû en 00 co 00r4 00 CN co

Cû 00 COcû 00 co
en CN CN en cû -d* CN CNm o o 00en CN r~

co 1
w CO to co z to to CO toZ Z Z Z Z z Z Z

r~ o 00 Cû tHm r' CN co CN tH co U1 r-"d* O 00 UO t—1 o O co
-d* o CN cû O o O o

o 00 Oen ■d* Cû o
cû T-l 00 Cû xr 'd' d ’ CN 00Cû %—l en CN Cû 0000 CN Cû

00 00 CNCN 00 d* CO OO
uo Cû r~- d* CN d*co en CN Cû 00'-1 00 CN Cû

•Hr4
*r4
Pen •H
P

a G (A
5? Û (U G (U

p -r4 en
p eu •H

G 1 Id p 43tu en a 0
P Aï M (3P u Octd •H p
a G tu vc •H

td 43 p> U
>1 en P H
>4 w 14 14 R fd
Q a o U H U

U15IH  O

•H *H 
01 01 
Cl 01g. 3ê s.

Cl
g
>4I
ü
G

S

&
m

td
H

co OCN en O
r̂ roLr)'d*r̂ criiri'vt* 
tjO v4 o  CN •d’co Oi ,4 r-

CN

CN en CN 
m  rH00 en

o  en 
ro
t4 LO

o 00 uo
o d en
in co CN dft

LO
en CO 00 00 O

00

00
CO en

m
m

ouo 00 r-
OO t4 d

co d U1d CN 00 CN UO
en ft ofi 00 § U1 ro CN CN

en

co
CN00 t4  's j cy» 

en t4  m

LO en 00
UO LO ro uo
LO 00 CN

en 
^  '—' 

S  en Q

&
•H
r4
•H
P
■H
P0101en•HG 1 (d P  43

3 5 ' ®  2 o

. J -  ■Q Sî o o H u fi.&

01•Ia &
ffl ê

3 G
•H 0) 
01 r4  
01II



67

-p

cm

-p
•H

rH

o>T—i O p  o  O
O ) N . i n  t o
CM CM C\] C<l

(Wa^_ 3>I S)q.u9q.uoo uta^ojd spnaQ(Wa 331 fW):j.U9q.uoo

-pIgQ
.SV

a
(D

1
t3

ès

S

N
• HiHI I
U
S’I
M
to
<u

■Hk



68

Rapid increases in crude protein content seemed to be associated with 

nitrogen application in periods of rapid growth. Slightly higher 

crude protein content was observed on the treatment with the lower 

herbage height - low stocking rate in early season and high stocking 

rate in mid and late season. Overall however there were no 

significant treatment effects on herbage composition.

“"1 “ 1 Hay was of reasonable quality - 9.2 MJ kg DM ME, 130 g kg DM

crude protein. The quality of the 1981 hay that was used in late

season was lower than the 1980 hay used in early and mid season.

Mean hay chop length was 14,9 mm.

3.3.4 Feed and nutrient intake

Intake of hay, concentrate and the derived herbage and total DM 

intake are shown in table 3.4. Herbage intake tended to be lower 

for cows fed hay, particularly in mid season and for cows on the high 

stocking rate in late season, although neither difference was quite 

significant. Herbage intake declined through the season (figure 3.4) 

with large depressions in herbage intake occurring during periods of 

high rainfall (compare figure 3.4 with figure 3.1). Herbage DM intake 

in each week was significantly correlated with the mean daily rainfall 

in each week (P<0.01):

y = 13.2 - 0.48x (r = -0.58x**) equation 2
-1where x = rainfall (mm day )

y = herbage intake (kg DM day ^).

The variation in herbage DM intake through the season (measured 

as coefficient of variation %) was lower for cows offered hay and 

stocked at the lower rate (table 3.5).
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Table 3.5 Coefficient of variation (%) of treatment 
means over 24 weeks

CV % of H Hh L Lh

Herbage DM intake 22,0 19,7 19,7 15.5
Hay DM intake - 49,3 - 57.9
Total DM intake 13.8 11,8 11.9 9,3

Hay intake was slightly higher on the high stocking rate but this 

difference was not significant. Hay DM intake was also significantly 

related to rainfall (P<0.001):

y = 1.3 + 0.054x (r = 0,38***) equation 3
-1where x = rainfall (mm day )

y = hay intake (kg DM day 

Maximum hay intake in 45 minutes was approximately 3 kg DM. Variation 

in hay intake was high over the grazing season and variation between 

cows was also high (coefficient of variation of 28,4% and 24.3% for 

Hh and Lh respectively),

Concentrate intake varied between 1 and 5 kg freshweight day 

and tended to be higher in late season. The peak of concentrate 

allowance in mid season may have contributed, together with high 

rainfall, to the depression in herbage DM intake at this time.

Total DM intake was increased by offering hay and tended to be 

higher at the.low stocking rate. Offering hay had the greatest 

effect on total DM intake in late season and the differences in 

stocking rate at this time also approached significance. Total 

DM intake declined over the grazing season and exhibited a similar 

pattern of seasonal variation to that in herbage DM intake (figure 3.5), 

Both offering hay and stocking at the lower rate decreased the
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coefficient of variation over the 24 weeks.

Mean substitution rates (kg herbage DM kg  ̂hay DM) for early, 

raid and late season were 0.30, 0.63 and 0.08 respectively and 0.47 

and 0.20 for the high and low stocking rates respectively.

Neither seasonal nor stocking rate differences were significant 

(P>0.05) when analysed using weeks as replicates. Overall for 

every kg of hay DM eaten herbage DM intake was reduced by 0.34 kg. 

Substitution rate tended to be lower when rainfall was high and 

herbage was in short supply.

Intakes of metabolizable energy were increased by offering hay 

(table 3,6) but this increase was proportionately less than the 

increase in total DM intake due to the lower ME content of hay than 

the herbage. Offering hay had the greatest effect on ME intake in 

late season. There was also a marked decline in ME intake between 

early and late season,

-1Utilized ME from herbage (UME - GJ ha ) was decreased by stocking

at the lower rate and to a lesser extent by offering hay. Most of

the difference between treatments occurred in early and raid season.

Overall levels of UME were high and were equivalent to 8.6-9.7 tonnes 
-1herbage DM ha

The supply and output of ruraen-degradable protein (RDP) and 

undegradable protein (UDP) are shown in table 3.6. Supply was 

calculated over the range of possible values for degradability as 

these have not yet been precisely defined.(ARC, 1980). Even at



74

II
g

•HI14
A

Q)II
1

1
(AI
ë
■H

fe
w

g

(U 1—I
ë
N

•HI—III
VÛ
ro
0)

rH

•§Eh

I
G

W

N
■HrHI

8
gu

•H  p P
P en p  -H (U co
■s s

w

en
G0) -H 03o ^  PG ü (d5 o H u p

•H  t/l
p
•H6
■H !>i 
t/3 fd ÎU

S

m

m

-K
-K
*

or̂o

o  lO oo  uo
CN X—t %—I

to C/3 10 g % S

CO CO

vp ro »H 
tO UO CÛ

OCN

00 roOO r-

o  uo o
CN rH

OO

H 'O
& - â

I
(U31

g-S

co
g

co o  OO uo ro rH o

co* g

uo OOCN
to UO

to
ro m  uo r- en rH 00
S 00 uo CN rH o

00
r~ ro tO OO 00 ro 00uo CN rH orH

CN
o UO 00 en OO to enuo r- LO CN rH o

OO en rH ro o enro to to ro CN

>1 pm G rH (U fdP fd H TO p Pfd O  fd -H fd OG) s  W  g  G1 Eh

8-T'
011l4 fdp d
M h>

U
rd
(D Q)N tn•H fdr—t P•H Hp OJ
p P

d
H

Q) rG en
SB
MQ) P  ffi

P4

0)•H
'g

1
0)

t )

g

1
A

i
&
0)

Q

g

g

a

K

CN 4"
UO 00
roCN1 oro 1 tooro uom CN enœ 00 uoo CN

P  Ifd
CNuo

CN 00 to rH rqfI o
CN tO 
O

* enG CN to•H CNü) CN o CNp P  1 uo 10 en ro rou o tH uoPi to 00
touo to

d
'cr uoCN r' to•H 1 to 1 to

%: to ro r'-co en00

UO
OOro

uo
CN 
CN
CN r;?I tO I tOCN ro Tjt
CN rH OO tû

w

uo enuorH
CN uo LO1 i 'ft*en ro
p CNuo 00

>1 UO
"fj*CNto«H CN en ▼H o14 1 LO ( %—4

fd CN uo UO en
H CN 

00 %—$
roen

t

w o w osllg

OO
oI

I
ü

1&
A

oIUO

g .I
o
gs
fd
s
(A

ë »g
(A

CA ^  0) O  'H 00 P  CTO *H

S  3

CA O (A OI I b I

•HI
&

d

5

(Udo

P *H-



75

the extremes of rumen degradability^RDP and UDP supply exceeded the 

mean RDP and UDP output both for different treatments and at different 

stages in the season.

3.3.5 Behaviour

3.3.5.1 Hay feeding

There were no significant treatment differences in the time spent

eating hay (table 3.7) and cows on average spent 63% of the allocated

time eating the hay. Mean rate of hay intake was almost 50 g DM min  ̂

with no obvious treatment differences.

3.3.5.2 Grazing

Results of the six 24 hour grazing observations are shown in 

table 3.8. Further results and weather records on the observation 

days are shown in Appendices 9 and 10 respectively.

Grazing time tended to be depressed by offering hay and was

slightly higher on the high stocking rate. It was highest in 

mid season and may have been depressed in late season by the high 

level of concentrates offered and adverse weather conditions.

The relationship between grazing time and milk yield for the 24 

observation cows approached significance in early and raid season 

(table 3,9) (grazing time was significantly related to milk yield 

on the second and fourth observation, P<0.05). As the season 

progressed the value of 1 hour of grazing declined from 1.9 kg milk 

in early season (equation 4) to 1.4 kg milk in late season 

(equation 6).
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Table 3.9 The relationship between grazing time and milk yield 

Season

Early y = 11.1 + 1.87x r = 0.35 NS equation 4

Mid y = 6.1 + 1.54x r = 0.39 NS equation 5

Late y = 3.8 + 1.38% r = 0.27 NS equation 6

where x = grazing time (hours day

y = milk yield (kg day S

Ruminating time was significantly higher in treatment Hh than

treatment H or Lh in early season and tended to be higher overall for
- 1cows offered hay. Mean ruminating time kg herbage DM for treatments 

H and L (assuming a negligible contribution from concentrates) were 

28, 35 and 43 minutes in early, raid and late season respectively.

The ratio of ruminating time to grazing time for those cows not 

receiving hay varied little over the grazing season, averaging 0.77,

0.73 and 0,80 in early, mid and late season respectively. The 

distribution of grazing and ruminating during the day in early, mid 

and late season is shown in figure 3.6. The reduction in daylight 

hours in late season resulted in a concentration of grazing time 

between 08.00 and 20.00 hours. Grazing was not however exclusively 

confined to daylight hours in any part of the season. On average 

over the whole grazing season 54% of grazing was between the afternoon 

and morning milking and 46% between the morning and afternoon milking. 

Ruminating tended to be concentrated in the hours of darkness but was 

also interspersed between the major grazing bouts in the daytime.

As the season progressed more of the ruminating time occurred while 

the cows were lying down rather than standing (Appendix 9). Time 

spent walking at pasture was significantly higher on the high stocking
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Figure 3.6 Distribution of grazing and ruminating time



80

rate,thus reflecting the greater search for herbage by these cows.

The number of drinks was low but tended to be higher for those cows
“1offered hay (1.5 drinks day compared with 1.1 for those not receiving 

hay). The number of drinks was also greatly reduced when it rained 

during the observation period.

Biting rate tended to be reduced by offering hay on the high stocking

rate but was not affected on the low stocking rate. Offering hay
-1tended to depress the total number of bites day especially on the 

high stocking rate. Bite size (herbage DM intake t number of daily 

bites) and herbage intake rate (herbage DM intake v grazing time) 

tended to be higher on the low stocking rate.

3.3.6 Milk yield and composition 

Milk yield and milk composition results (adjusted by covariance) 

are shown in table 3.10. Covariance adjustment, based on initial 

milk yield and composition, had little effect on mean daily milk 

yield (adjustment ranged from 0.04 to 0.14 kg day ^) but reduced the 

standard errors.

Milk yield was significantly increased by offering hay in early 

season and this difference approached significance in mid season. 

Overall milk yield was increased by 0.89 and 0,61 kg milk kg~^ hay DM 

on the high and low stocking rates respectively. Stocking rate had 

no effect on milk yield. Very little of the benefit of offering hay 

was continued into the post-experimental period and differences between 

treatments were not significant. Indeed 305 day milk yields reveal 

that there was a negligible carryover effect of offering hay since
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the same response is obtained to the provision of hay over 305 days 

(0.89 and 0.61 kg milk kg hay DM on the high and low stocking 

rates respectively). Milk yield declined at an average of 2.4% 

week~^ with little difference between treatments (figure 3,7).

There were particularly rapid declines in all treatments during 

inclement weather at the end of the early and late season,but hay 

feeding was not of greater benefit during these times. Milk 

output ha was increased by stocking at the higher rate, particularly 

when hay was offered.

Milk fat content was not affected by hay feeding or stocking rate,
- 1Following turnout it declined by 5-8 g kg over two weeks with no 

apparent treatment differences, followed by a recovery over the next 

two weeks (figure 3.8). Milk fat content was the most variable of 

the three major milk constituents and was significantly higher in 

late season than early or mid season. Fat yield tended to be 

increased for cows offered hay but this difference was not quite 

significant.

Milk protein content tended to be reduced in early season by 

feeding hay, especially with cows on the high stocking rate. It 

increased through the season but this trend was reversed in the 

post-experimental period when silage replaced herbage as the basal 

forage.

Milk lactose content was not affected by offering hay but tended 

to be increased in mid and late season by stocking at the lower rate. 

It declined in mid and late season but this trend was reversed in the 

post-experimental period.
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3.3.7 Livewelght gain and condition score gain 

Liveweight gain was increased by stocking at the lower rate, 

particularly in late season (table 3.11). Offering hay also 

increased liveweight gain in late season and had some benefit in 

early season. Cows in treatment H had a disproportionately high 

liveweight gain in mid season, but this was not reflected in 

condition score change. There was no significant effect of 

season on liveweight change although cows tended to gain most 

weight in early and mid season. During the post-experimental 

period cows gained weight at a higher rate than in late season 

and treatment differences were maintained despite equalized feeding.

Condition score was increased by stocking at the lower rate in

mid and late season and tended to be increased by offering hay in 

late season. Gain in condition score was significantly higher in 

late season than in early or mid season. Differences between 

treatments in liveweight change and condition score change were 

similar but differences between periods were not- liveweight change 

was highest in early and mid season whereas condition score change

was highest in late season.

313.8 Yield level 

The effect of yield level (on average 31 and 26 kg milk day~^ 

at the start of the experiment for the high and low yielders 

respectively) is shown in table 3.12. The response of high yielders 

in herbage intake to a supplement of hay was significantly different 

from that of low yielders - for low yielders herbage intake was 

depressed on average by 0.86 kg DM for every kg of hay DM eaten.
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-1with high yielders herbage intake was increased by 0.29 kg DM kg

hay DM. High yielders had a higher herbage intake but a slightly

lower hay intake than low yielders. High yielders responded

significantly better to a supplement of hay in terms of ME intake,

increasing their intake by 21 MJ day  ̂ compared with no increase

for low yielders. Similarly, the milk yield of high yielders was
-1increased by almost 2 kg day by offering hay whereas there was no 

effect with low yielders. The difference in milk yield between 

high and low yielders declined as the season progressed.

High yielders tended to have a lower milk fat content than low 

yielders, especially where no hay was offered, and also a lower 

crude protein content, although neither of these differences was 

statistically significant.

Whereas high yielders increased liveweight gain and condition score 

gain when fed hay, low yielders did not. Low yielders, however, 

responded significantly better in condition score gain to a low 

stocking rate than high yielders. In addition, the overall level 

of liveweight gain and condition score gain was higher for low 

yielders than high yielders.

From these results it can be seen that, whereas hay feeding was 

of considerable benefit to high yielders and no benefit to low 

yielders, stocking at a lower rate was of similar benefit to both 

high and low yielders.
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3.4 DISCUSSION 

3.4.1 Results

3.4.1.1 Hay feeding

Offering hay increased the total DM intake of the high yielding

cows throughout the season but the greatest benefit was obtained in

late season. High yielding cows may be restricted at pasture by

the time taken to harvest sufficient herbage (Leaver, 1981) and the

total number of daily grazing bites rarely exceeds 36,000 (Stobbs,

1974; Hodgson, 1982). In early season grazing times were low and

hay intake was also low, suggesting that cows were not limited by

herbage availability at this time. In raid season grazing times
-1were high (average 9.6 hours day ) and the cows were able to some

extent to buffer the shortage of herbage by increasing grazing time.

However, it is likely that the high yielding cows were still

restricted in raid season since total daily number of grazing bites

averaged 39,300 for those cows not receiving hay (assuming that the

measured biting rate was representative of actual biting rate in

mid season). In late season low grazed herbage height restricted

the herbage intake of the high yielders still further and inclement

weather prevented the cows from increasing grazing time. Thus

total DM intake was increased in mid and late season by offering

hay that was consumed at 50 g DM minute  ̂compared with herbage at

only 24 g DM minute Balch (1971) reported that cows ate hay at
-135 g DM minute but in this experiment it is likely that chopping 

the hay and offering it for a short time only increased the rate of 

intake (Campling and Morgan, 1981).
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Le Du and Hutchinson (1982) proposed that herbage DM intake is 

depressed when the height of a continuously grazed sward falls 

below 6-8 era as measured by a ruler, although this value will vary 

with the level of animal production and sward density. In addition, 

milk production will suffer if this restriction lasts for longer than 

2 weeks. In this experiment grazed herbage height (measured by the 

MMB grassmeter) declined from 9.7 cm at the start to 3.8 cm at the 

end of the experiment which corresponds to 12.5 and 5.3 cm respectively 

on a graduated ruler (Baker, 1980), In addition Baker (1980) found 

no benefit in terms of milk production of herbage heights (graduated 

ruler) greater than 6.5 cm in early season.

The anomaly remains as to why milk yield and total DM intake of 

the high yielders was increased in early season by offering hay. 

Conceivably the low crude fibre content of the herbage at this time 

may have resulted in subclinical acidosis which depressed voluntary 

feed intake. Low herbage DM intakes are common in early season 

even when adequate herbage is available (Jamieson, 1975; Le Du et at, 

1981), This does not appear to be due to metabolic intake 

regulation since ME intakes can be lower than later in the grazing 

season (Jamieson, 1975). Furthermore, it is unlikely that the 

DM content of the herbage limits intake at this time through a 

decreased rate of DM intake since grazing times are generally low 

in early season (Jamieson, 1975). It is likely therefore that 

feeding hay increased total DM intake by increasing the crude fibre 

intake. This response was only seen in high yielders due to their 

higher milk fat production and greater requirement, relative to 

total DM intake, for crude fibre to support this.
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Castle et al (1960) and Walsh (1969) reported low DM intakes

of hay after turnout (approximately 1 kg DM day ) but significant
-1increases in milk fat content (14-24 g kg ). In this experiment 

there was no effect on milk fat content but milk yield of the high 

yielders was increased and milk protein content tended to be 

decreased. Effectively this had the same result that milk fat 

yield was increased and milk protein production stayed the same.

The change in emphasis from an increase in milk fat content to an 

increase in milk yield may result from the higher yield level in 

this experiment (31 kg at turnout) compared with Castle et al 

and Walsh' s experiments (13-19 kg) and the genetic trend in recent 

years towards cows that respond well in terms of milk yield.

Later in the season the benefit of feeding hay to high yielding 

cows was directed towards liveweight change rather than milk yield. 

This reflects the changing partition of energy from milk yield in 

early lactation to liveweight gain in late lactation.

It remains unclear why the low yielders ate more hay than the 

high yielders and yet derived no benefit from it. Conceivably high 

yielders are used to eating greater quantities of high energy feeds 

and may not exhibit the desire for high fibre feeds to the same extent 

as low yielders. In any event it would be wrong to attribute the 

synergistic effect (see glossary) exhibited here with herbage and 

hay by the high yielders to any "nutritional wisdom" on the part of 

the cow; more likely there was a palatability effect of offering 

hay which is high in crude fibre and DM content as a compleipent to 

herbage which is low in both. Sonneveld (1965) found that herbage
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DM intake was directly proportional to the crude fibre content at 

low dry matter content.

It was surprising that hay was of no greater benefit during the

prolonged periods of inclement weather at the end of early and late

grazing season. During these periods the milk yield of all four

treatments declined at a more rapid rate and the hay intake on

treatments Hh and Lh increased. Given that the dairy cow is

reluctant to graze in inclement weather, the provision of hay would

be expected to act as a supplement to, rather than a substitute for,

herbage. Evidently to truly buffer depressions in herbage DM intake

during inclement weather much greater quantities of forage must be

offered. This is exemplified by the arrest in milk yield decline

at the end of the experiment when herbage intakes had declined to
“1approximately 7 kg DM day in a period of particularly high rainfall

and milk yields declined rapidly despite the provision of up to
-15 kg concentrates day . Following housing, and the provision of 

ad t'ib'Ctum silage and 2-3 kg concentrates day  ̂milk yield and milk 

lactose content increased. Low milk lactose content in autumn has 

been reported by Waite et at (1956) and Le Du et at (1981) and 

probably arises from both under-feeding and the late stage of 

lactation (Rook, 1961).

After housing, the normal increase in milk protein content in 

mid-late lactation was reversed, which reflects the low crude protein 

content of silage compared to late season herbage. Despite increasing 

the energy status, offering hay also tended to slightly depress milk 

protein content. This also may have been an effedt on the non-protein
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nitrogen content of the milk (Thomas, 1980) since offering hay, which 

had approximately half tl)e crude protein content of the herbage, 

reduced the ratio of crude protein to energy in the diet.

Offering hay depressed the grazing time of the high yielders by
- 121 minutes on average (15 minutes kg hay DM ). Seath and Miller 

(1947) found that offering hay at pasture depressed grazing time by
-j40 minutes (16 minutes kg hay freshweight ). In this experiment 

hay increased ruminating time by 9 minutes kg hay DM  ̂which is
—Iconsiderably less than the 65 minutes kg hay DM reported by 

Campling (1966) for a hay based diet. Although chopping the hay 

may have reduced the required ruminating time, and there was a small 

substitution effect of herbage for hay, it is unclear why offering 

hay did not increase ruminating time to a greater extent .

3.4.1.2 Stocking rate

The absence of any effect of stocking rate on milk yield, fat 

or protein content can be largely attributed to the high herbage 

availability in early season and also the small differences in 

herbage height between the two stocking rates in early and raid 

season. The latter may have been partly due to initial treatment 

differences - Baker (1980) found that similar stocking rates in 

early season produced a sward 1 cm higher on the low stocking rate.

In late season when herbage height was on average 0.3 cm higher 

on the low stocking rate cows responded by increasing liveweight 

and condition score gain rather than milk yield because they were 

in late lactation (King et al, 1977). Cows stocked at a higher
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rate were therefore able to use liveweight as a buffer to variation 

in herbage intake and milk yield was therefore maintained. The 

increase in milk lactose content with cows stocked at a lower rate 

has also been reported by Gordon (1973) and Le Du et al (1979, 1981) 

and was not accompanied by any increase in milk protein content.

Whereas the effects * of hay-feeding on milk yield disappeared in 

the post-experimental period, treatment effects on liveweight gain 

were maintained into the post-experimental period. In contrast to 

the effects of hay feeding the benefit of stocking at a lower rate 

was as great, if not greater, with low yielders as high yielders. 

This may be because low yielders tend to respond more in liveweight 

change than milk yield.

-1Milk output ha was increased by 15% by stocking at the higher 

rate when hay was provided as a buffer feed but only 11% with no hay. 

In a review by Joumet and Demarquilly (1979) milk output ha  ̂was 

increased by 20% for an increase in stocking rate of 1 cow ha ^

(ie 12% increase for a 0.6 cows ha increase in this experiment). 

Thus offering hay can increase the benefit of a high stocking rate.

Increases in UME ha  ̂ from stocking at the higher rate were 4, 3 

and 1 GJ in early, mid and late season respectively. Baker (1980) 

obtained the same total increase in UME'as in this experiment with 

a similar difference in stocking rate except that it was only applied 

in early season. Since the only detrimental effect of stocking 

at the higher rate in this experiment was the low liveweight gain in
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late season it would appear that stocking rates in early season could 

be increased and in late season decreased with advantages, Liveweight 

gain in late lactation in the late grazing season will be more 

efficient than in the dry period (Moe et al, 1971) and cheaper if 

the energy is provided from herbage rather than silage.

3.4.2 Experimental techniques

3.4.2.1 Herbage intake

The technique employed for the measurement of herbage intake from 

animal production data is dependant upon the adequacy of energy 

standards and the accurate measurement of animal output (Baker, 1982). 

Close agreement between ME input and output of individually-fed cows 

on a winter-feeding regime (section 6.3.4) promotes confidence in 

the use of the ME system (MAFF et at, 1975) to predict energy 

requirements. No allowance has been added for the additional 

maintenance requirement of grazing because estimates of this vary 

with pasture type and distance walked, and it is probable that any 

extra ME required would be the same for all treatments. Grazing 

dairy cattle also spend more time lying compared with housed cattle 

(section 4.3.5) which will slightly reduce the overall maintenance 

requirement (Clark et at, 1972; ARC, 1980).

A further possible source of error is the estimation of liveweight 

change being confounded by variation in gut contents. In an extreme 

situation an abrupt change in diet from winter feeding to grazing can 

cause a reduction in live weight of 30 kg in the first 3 days after 

turnout (Balch and Line, 1957). However, no reduction in liveweight 

after turnout was experienced in this experiment, possibly because of
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the relatively high level of concentrates offered before turnout 

(figure 3.9). In addition there was little effect on the liveweight 

of the cows when they were housed at the end of the experiment 

(figure 3.9). There was a large weekly variation in the liveweight 

of the grazing cows, probably due to the effect of seasonal and 

environmental changes (eg inclement weather, relative herbage height 

on different fields) on the periodicity of grazing during the day 

(Taylor, 1954). Close inspection of liveweights revealed that 

weekly variation did not contribute to the large depressions in 

herbage DM intake that occurred during inclement weather.

An anomaly exists between the liveweight change (which was

highest in early and mid season) and condition score change (which

was highest in late season). This effect has also been observed

by Leaver (1982) and may represent the reparation of internal

lipid deposits in early and mid grazing season followed by

subcutaneous lipid deposits in late grazing season. In addition

the level of gut contents may have increased over the grazing

season as herbage digestibility declined. Over the entire grazing

season treatment differences were similar for liveweight change

and condition change and represent an average of 79 kg liveweight 
-1gain unitary increase in condition score.

Further errors may have occurred from the estimation of ME content 

of the herbage since this was obtained from samples plucked from 

grazed areas rather than the herbage ingested by the cow. Although 

several studies have shown that the digestibility of herbage selected 

by the cow is up to 100 g kg”  ̂higher than that of the whole sward
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(see 1.1.2) the hand-plucked samples vary little with that selected 

by the cow (Zoby and Holmes, 1983).

In conclusion there may be errors involved in estimating herbage 

DM intakes by this method, but these are unlikely to be greater than 

errors incurred by other techniques and are systematic errors that 

occur to a similar degree on all treatments.

3.4.2.2 Grazing behavit|)ur

Observation of grazing behaviour was limited by the number of 

cows that can be observed at night by one person. It was not possible 

to record all the marker cows (48) at night within the recommended 

maximum time interval of 15 minutes (Hull et al  ̂ 1960; Hodgson, 1982) 

and it was therefore decided to record the higher yielding cows on 

the basis that these were more likely to exhibit treatment differences. 

In retrospect the effect of hay feeding on grazing time is likely to 

have been greater for the lower yielding cows due to the greater 

depression in herbage intake when these cows were offered hay. It 

may have been more appropriate therefore to select a representative 

sample of cows from each treatment for the behaviour studies.

The possibility also exists that the grazing time of cows offered 

hay was artificially increased because they were grazed with cows 

that did not receive hay (social facilitation; Bailey et al  ̂ 1974; 

Tribe, 1950), However it is unlikely that social facilitation 

occurred to any great extent since the herbage intake of high and 

low yielders was not affected equally.
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It has been shown that biting rate is more accurately measured 

by recording the number of bites in two minutes rather than the 

time taken for 20 bites (Jamieson, 1975) due to the interruptions 

that normally occur as the animal grazes. In this experiment, to 

enable all the recordings to be taken in the same grazing bout, 

measurements were taken of the number of bites in 90 seconds, with 

no interruption of more'than 15 seconds. There was no clear 

evidence of variation in biting rate within the first grazing bout 

although it tended to be lower at the beginning and end of the bout. 

Hancock (1952) also found low biting rates at the end of grazing bouts

Between-cow variation of the ingestive behaviour measurements 

(expressed as the coefficient of variation, %) was within the range 

quoted by Jamieson (1975)1 (table 3.13).

Table 3.13 Coefficient of variation (CV%) between cows and the 
range of CV% quoted by Jamieson (1975)

Variable CV% Range of CV% 
Jamieson (1975)

Grazing time 7,6 5-7
Biting rate 4.7 4-12
Total daily bites 10.6 6-12
Bite size 15.9+ 7-30+
Rate of intake 14.8+ 7-18+

+ Predicted from herbage intake and ingestive behaviour measurements 

+ Measured with oesophageally-fistulated animals

Both in this experiment and the study of Jamieson (1975) bite 

size was the most variable component with relatively little variation 

in grazing time and biting rate.
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Some error in estimating individual hay DM intakes may arise 

from variation in rate of eating both between cows and within the 

hay feeding period. Variation in rate of biting haÿ is low and 

there is little change in biting rate over the length of a meal 

(Campling and Morgan, 1981). As with grazing behaviour the 

greatest variation is likely to occur in bite size.

3.4.2.3 Herbage height measurement

The importance of accurate herbage height measurement is 

emphasized by the relatively large effect on liveweight change 

of small differences in herbage height in late season. This 

suggests the existence of a grazed horizon in the upper layers 

of the sward. It has been demonstrated with sheep that such a 

horizon exists and is confined to the layer which contains only 

green leaf material ie above the layer containing sheath and dead 

leaf (Barthram, 1981).

The accuracy of herbage height measurement in this experiment 

was examined by increasing the number of measurements ha  ̂and by 

using a meter with a lighter plate that would be less likely to 

depress the herbage (Baker, 1980). No improvement could be found 

with either modification. However improvement was obtained by 

measuring the rejected herbage and from this it. was possible to 

determine the height of the herbage that was actually grazed by 

the cows and to reduce the standard deviation of herbage height 

measurements. As the proportion and the height of the rejected 

herbage increased through the season,the decline in herbage 

availability in mid to late season would not have been apparent if 

herbage height alone had been measured.
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3.5 SUMMARY

For three 8 week periods of the grazing season 48 spring-calving

cows were set-stocked at a high and a low rate, which declined
-1through the season (average 4.9 and 4.3 cows ha respectively). 

Within each stocking rate group half the cows were allowed access 

to hay for 45 minutes daily after morning milking, the other half 

rècéived no hay.

Hay intakes tended to be increased by stocking at the higher 

rate and during prolonged periods of inclement weather. Offering 

hay reduced the variation in total DM intake and increased total 

DM intake overall. However, there were times when, because of 

inclement weather and low herbage height, herbage DM intake declined 

to very low levels and offering hay was unable to prevent a decline 

in total DM intake.

Grazing time tended to be reduced, and ruminating time increased 

by offering hay. Rate of biting at pasture was not affected.

Offering hay increased milk yield in the early grazing season 

and liveweight gain in late grazing season. There were no 

significant effects on milk composition. High yielding cows

benefitted considerably more from hay feeding than low yielding cows.
1

Stocking rate had only small effects on herbage height.

Stocking at the higher rate reduced liveweight gain in late grazing 

season and tended to reduce herbage DM intake.

Overall levels of Utilized Metabolizable Energy from herbage were 

high but were reduced by feeding hay and stocking at the lower rate.
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CHAPTER 4

EXPERIMENT 2 THE EFFECT OF OFFERING SILAGE TO SET-STOCKED 
DAIRY COWS IN THE EARLY PART OF THE GRAZING SEASON

4.1 INTRODUCTION

Previous results (experiment 1) demonstrated that the provision 

of a buffer feed in the grazing season can reduce the variation in 

herbage DM intake and increase milk production of dairy cows.

However at certain times eg inclement weather, herbage DM intake 

declined to a very low level and offering additional forage for 

45 minutes was insufficient to compensate for this. Offering 

forage overnight could increase total DM intakes in such circumstances 

even though this will in itself restrict herbage DM intake ( Vik , 

19S6).

Silage is more suitable for feeding overnight than hay, firstly 

because it is made in larger quantities, particularly in high output 

dairy farms (Murdoch, 1980); secondly because it is of higher quality 

and is therefore less likely to depress animal production when fed 

in large quantities; thirdly because it is more easily handled for 

feeding in large quantities.

It was not known whether silage would be preferred to grazed 

herbage due to its ease of prehension and the restriction on grazing 

time by housing the cows overnight. In addition due to the higher 

cost of conserved forage compared with grazed herbage it is 

undesirable to feed more silage than is necessary to act as a 

buffer feed. An alternative to offering silage ad H.h'Ltwn overnight 

was to offer a fixed level of silage which could act as a buffer 

feed but would prevent excessive silage consumption.
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This experiment examined the effects on dairy cow production 

and behaviour of offering silage for 45 minutes after morning milking, 

at a restricted level overnight or ad t'ih'ttim overnight with adequate 

herbage available at all other times, These three treatments which 

included a buffer feed were compared with a grazing only treatment 

with no buffer feed.

4,2 MATERIAL AND METHODS

4.2.1 Design

Thirty-two British Friesian cows were allocated to four treatment 

groups in a balanced changeover (Latin Square) design (appendix 12) 

with four treatments; G - grazing only; GMS - grazing + ad li.h'Ltum 

silage for 45 minutes after morning milking; GRS - grazing + restricted 

silage overnight; GAS - grazing + ad I'ib'itum silage overnight.

The cows comprised 12 autumn-calving cows, 4 autumn-calving 

heifers, 4 spring-calving cows and 12 spring-calving heifers. These 

were allocated to 8 blocks of the Latin Square design so that the cows 

within each block were as similar as possible in terms of milk yield 

and live weight (appendix 13). Within blocks cows were allocated 

to the four treatments at random.

The experiment ran for 12 weeks (four 3-week periods) from 

22 April to 14 July 1982,
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4.2.2 Dairy cow management and measurements

Between calving and the start of the experiment cows were offered
-1

ad lihitim self-feed silage and 9 kg concentrates day

During the experiment cows were milked at 07.15 and 16.10h.

Cows in treatments GRS and GAS were at pasture on average for 

7 hours 10 minutes and received silage for 14 hours 25 minutes daily.

After the morning milking cows in treatments G, GRS and GAS were 

taken to pasture and cows in treatments GMS were offered silage 

ad tïbt-tum in a feeding passage for 45 minutes. After the afternoon 

milking cows in treatments GRS and GAS were offered silage in the 

feeding passage of a timber kennel building until morning milking. 

These cows also had access to cubicles bedded with sawdust.

In the last six days of each period milk yield and silage intake 

were recorded daily and separate aliquot samples of milk were taken 

on two days for fat, protein and lactose analysis (section 3,2.2). 

Liveweight was recorded on alternate days in the last 16 days of 

each period (5 days were allowed for change in gut contents), and 

liveweight change was determined for each cow by regression.

Records of time spent grazing, lying, lying and ruminating, 

standing, standing and ruminating, walking and eating silage were 

made in two 24 hour observations in the last week of each period. 

Records were taken for each cow at 5 minute intervals between morning 

and afternoon milking and at 10 minute intervals between afternoon 

and morning milking.
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Rate of biting at pasture was measured in the last six days of

each period with the aid of a stop-watch (section 3.2.2).

Measurements were taken at four times in the day (06.00, 09.00,

14.00 and 19.00) for treatments G and GMS and at two times in the day

(09.00 and 14.00) for treatments GRS and GAS. Two measurements were

taken at each time for treatments G and GMS and four measurements
-1 -1at each time for GRS and GAS, giving eight measurements cow period 

for all treatments. Bite size and herbage intake rate were derived 

as in Experiment 1 (3.3.5).

4.2.3 Fields and feeds management

Cows were set-stocked in treatment groups with the same available

herbage height for all treatments. This avoided the effects of

differing herbage availability and composition and also social

facilitation (see glossary). It was achieved by rotating the

treatment groups daily around four set-stocked areas in a Latin

Square design (appendix 12). The four areas used were separated

by electric fencing and were 1.2 ha each of a perennial ryegrass

(Loliura perenne) and white clover (Trifolium repens) ley sown in

1977, Stocking rate on the grazed area for the four treatments 
— 1was 6.8 cows ha . Fertilizer application is shown in appendix 4.

Herbage height was recorded weekly using an MMB rising plate 

meter (Baker, 1980). Approximately 17 measurements ha  ̂were taken 

in a V pattern across each area, and a record was taken when a 

measurement occurred in an area of herbage that had been rejected 

due to faecal contamination. Herbage DM intakes were calculated 

from animal production as in section 3.2.3 with the inclusion of an 

allowance for the ME requirements of pregnancy (MAFF et al, 1975).
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Silage offered in the first three periods was made in 1981 from 

a regrowth of a perennial ryegrass (Lolium perenne) ley. In the 

fourth period silage made in 1982 from a primary growth of the same 

ley was used. Silage was wilted and precision chopped and received 

2-3 1 tonne  ̂of an additive containing formic acid ('Add-F',

BP Nutrition Ltd).

Silage restriction in treatment GRS was set at 4 kg DM day 

with the fresh-weight of silage offered being adjusted twice weekly 

for the DM content of the silage. Silage was offered to treatments 

GMS and GAS so that 10% of the original weight was available for 

weighing daily as a residue.

Silage feeding times were used to predict individual silage 

DM intakes. For this purpose further observations of the silage 

feeding times of cows in treatments GMS were carried out on three

occasions in each period with recordings at three minute intervals.
1 27All silage feeding times were adjusted by liveweight * to account 

for differences in rate of intake between animals of different 

liveweight. This adjustment value was obtained by relating the 

difference in rate of intake of herbage and silage (calculated as 

in section 3.2.3) between cows and heifers to the difference in 

liveweight. Adjusted silage feeding times were then related to 

mean silage DM intakes to obtain individual silage DM intakes.

Concentrates were offered twice daily in the parlour at 
-12 kg fresh-weight day , Ingredients are listed in appendix 11. 

Water was available in each grazed area and in the overnight housing.
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A herbage sample was collected once each week from the grazed 

area by handplucking (Cook, 1964). Silage samples were taken 

daily and were subsampled weekly for determination of chemical 

composition, and concentrates were sampled weekly. In vïtro 

digestibilities of the herbage and concentrates were determined 

according to Alexander and McGowan (1961, 1966) and the silage 

according to Alexander and McGowan (1969). Metabolizable energy 

contentsof the feeds were predicted by the equation shown in 

appendix 7. The intake and requirement of RDP cind UDP were 

calculated from ARC (1980).

Weather records were taken at a meteorological station 1500 m 

from the grazing area.

4.2.4 Statistical analysis 

The significance of the treatment and period differences was 

examined using the statistical package Genstat 5 Mark 4.03 (Lawes 

Agricultural Trust, 1980). This programme also statistically 

analysed differences between the types of animal used in this 

experiment (autumn-calving cow, autumn-calving heifer, spring-calving 

cow or spring-calving heifer) and the interaction between treatment 

and animal type effects.

In addition the effect of treatment in the previous experimental 

period on treatment effects was examined by the method of Patterson 

and Lucas (1962)„(appendix 14). This method, although indicating 

the significance of these residual effects, was not sufficiently 

accurate to adjust the treatment means (Reid, D A, personal 

communication).
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Differences between individual treatment, period and animal type 

means were tested by Student's "t" test and significant differences 

(P<0.05) are indicated by different superscripts.

One cow had to be removed from the trial after seven weeks due

to ligament damage in the udder,and all results for periods 3 and 4

for this cow were estimated by the missing plot technique of Steel

and Torrie (1960). Missing plot values for milk yield were

calculated for a lame cow in period 1 and a cow that suffered
I

ligament damage in periods 3 and 4. Missing plot values were also 

calculated in period 4 for the grazing behaviour of a lame cow and 

the liveweight change of a cow that refused to be weighed.

4.3 RESULTS

4.3.1 Weather

Although the total rainfall in the experimental period 
-1(1.8 mm day ) was not much less than the mean for the same period 

in 1951-80 (2.2 mm day ^), it was concentrated into a few heavy 

showers. Altogether only 14 days had more than 2 mm of rain.

Mean daily sunshine was 6.2 hours compared with a 1951-80 average 

of 5.7 hours (appendix 8). It was therefore a relatively dry, 

sunny season.

4.3.2 Herbage height 

Mean herbage height and grazed herbage height over the 12 weeks 

were 9,6 cm (SD 0.30) and 9.0 cm (SD 0.24) respectively (figure 4,1). 

The proportion of herbage area that was rejected increased steadily 

to 19% by the end of the experiment;
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y = 1.57X (r = 0.93***) equation 7

where x = week of experiment

y - proportion rejected (%)

4.3.3 Feed composition 

Herbage was of higher ME content and crude protein than silage 

(table 4.1). Herbage ME content declined over the 12 weeks of the 

experiment and crude protein content exhibited a wide variation that 

appeared to be related to stage of growth and fertilizer application 

(figure 4.1). Silage ME content was higher in the last period when 

the first cut of 1982 silage was offered.

4.3.4 Feed intake 

Herbage DM intakes were depressed by offering silage (table 4.2) 

especially when silage was offered overnight and in the final period 

when silage DM intakes were highest (figure 4,2).

Silage DM intakes were highest when silage was offered ad tihitim 

overnight,but cows that were offered the restricted silage overnight

compensated by increasing herbage DM intake. Offering silage for
-1 -1 45 minutes day limited DM intake to approximately 3 kg day . In

treatments GMS and GAS silage DM intakes were highest in period 4

when herbage was of lower quality and silage was of higher quality.

There were no significant differences in total DM intakes although 

these tended to be increased by offering silage in the first period 

(ie just after turnout) and when the higher quality silage was used 

in period 4. Total DM intakes were significantly higher in the 

first six weeks after turnout compared with the second six weeks.
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Mean substitution rates (kg herbage DM kg  ̂silage DM) for treatments 

GMS, GRS and GAS were 1,39, 0.87 and 0,91 respectively. There were 

no significant treatment differences in metabolizable energy intakes 

but these were significantly higher in the first six weeks compared 

with the second six weeks.

The intake of crude protein declined at higher levels of silage 

DM intake due to the low crude protein content of the silage compared 

with the herbage. In all treatments the intake of RDP and UDP 

exceeded output even at the most extreme assumed degradabilities,

4,3,5 Cow behaviour

Grazing time was depressed by offering silage - on average by
-127, 45 and 38 minutes kg silage DM for treatments GMS, GRS and 

GAS respectively (table 4.3), Cows in treatment G, and to a lesser 

extent treatment GMS, increased grazing time over the course of the 

experiment. In period 4 the grazing time of cows in treatment GAS 

declined as herbage DM intake declined and silage DM intake 

increased, but the grazing time of cows in treatment GRS increased 

so that 93% of their time at pasture was spent grazing.

Ruminating time was increased by offering silage,in proportion 

to the amount fed. It also increased over the season, particularly 

for those cows offered silage„ Cows housed overnight tended to 

increase standing and ruminating time whereas those at pasture 

overnight increased their lying and ruminating time (figure 4,3),

As the season progressed both lying time and standing time declined 

as grazing and ruminating times increased.
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Cows housed overnight spent more time standing/standing and 

ruminating and less time lying/lying and ruminating than those cows 

at pasture overnight (table 4.4). To some extent this was due to 

the reduced total eating time (grazing + eating silage) of cows 

housed overnight. These cows also spent more time between morning 

and afternoon milking grazing and less time in other activities and 

did correspondingly more of their ruminating between afternoon and 

morning milking.

The diurnal variation in the time spent grazing, eating silage 

and ruminating is shown in figure 4.4. In treatments G and GMS 

the longest period of continuous grazing occurred after the afternoon 

milking. In all treatments there were three major peaks of 

grazing activity between morning and afternoon milking, interspersed 

with two periods of rumination. In treatment G the periods of 

grazing were shorter than for cows housed overnight and the periods

of nomination longer. In treatment GMS the period of silage feeding
I

largely replaced the first grazing period after morning milking and 

was followed by a long period of rumination. Cows in treatment GRS 

spent on average two thirds of their time at pasture grazing and 

delayed rumination until the night. The silage offered was not all 

consumed immediately despite the fact that there was sufficient 

space for all cows to feed at one time. In the final period, however, 

silage was cleared up by 19.30 hours. In treatments GRS and GAS 

there was a peak of silage feeding between 17.00 and 20.00 hours.
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There were no significant treatment effects on biting rate 

(table 4.5). For cows at pasture all the time biting rate 

increased from approximately 56 bites min  ̂at 06.00 h to 63 bites 

min”  ̂at 19.00 h. Biting rate increased over the four periods.

Restricting the cows to grazing between morning and afternoon 

milking increased bite size and herbage DM intake rate, particularly 

where the amount of silage offered overnight was restricted. Both 

bite size and herbage DM intake rate declined over the length of 

the experiment.

Silage DM intake rate was highest in treatment GMS and was 

slightly increased by restricting the level of silage offered 

overnight,

4.3.6 Animal production

Offering silage overnight depressed milk yield, but milk fat 

content was increased compared with treatment G (table 4.6).

Offering silage for 45 minutes also increased milk fat content but 

not as much as offering silage overnight. Fat yield was increased 

by feeding silage - on average by 8.4, 6.9 and 6.3 g fat kg  ̂silage 

DM for treatments GMS, GRS and GAS respectively. There were no 

significant treatment differences in milk protein content, although 

it tended to be lower for cows fed silage overnight. Protein 

yield was depressed by feeding silage overnight.

Before turnout cows yielded on average 22 kg milk day”  ̂at
-1 -140.0 g kg fat content and 33,7 g kg protein content. Following
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turnout in treatments G and GMS milk fat content decreased by
- 1 “ 14,3 g kg , milk protein content increased by 2.6 g kg and

there was a slight increase in milk yield (figure 4.S,) . In
treatment GRS and GAS there was little change in these parameters

after turnout. Milk fat content in treatments G and GMS gradually

recovered after the first two periods,but feeding silage increased

fat content in all periods. Higher protein contents in treatments

G and GMS, however, were limited to the first two periods. In

the first week of the final period the rapid increase in the crude

protein content of the herbage after fertilizer application

(figure 4.1) caused a temporary increase in milk protein content 
-1of 4 g kg in all treatments.

Liveweight gain was not significantly affected by treatment or 

season but tended to be reduced for treatment GMS and earlier in 

the season. |

4.3.7 Animal type 

There were no significant interactions between the type of 

animal (spring-calving cow , spring-calving heifer, autumn-calving 

cow or autumn-calving heifer) and treatment. Means for the four 

animal types are shown in table 4.7.

Cows ate more herbage and silage than heifers although the 

feeding times were similar. Consequently, herbage bite size of 

the heifers was less than that of the cows (in particular the 

spring-calving heifers which were 70 kg lighter than the autumn- 

calving heifers). To compensate for low bite size the spring-calving 

heifers increased biting rate.
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Spring-calvers ate more herbage and grazed for longer than 

autumn-calvers but there was no difference in the intake of silage 

DM or time spent eating silage.

Milk yield and milk protein content reflect stage of lactation 

differences. Milk fat content of the spring-calving heifers was 

significantly lower than the other three types, particularly in 

treatment GRS (this type : treatment interaction approached significance) 

The labtose content of the milk was significantly lower for autumn- 

calving cows than spring-calving cows. The high lactose content 

of the autumn-calving heifers is probably a vagary of the 

experimental data as there were only four animals of this type.

4.3.8 Coefficients of variation 

The coefficient of variation of individual cow milk yields over 

the last six days of each period tended to be reduced by offering 

silage,although this difference was not statistically significant 

(table 4.8). The coefficient of variation of silage DM intakes 

over the last 6 days of each period was particularly high in 

treatment GMS.

Table 4.8 Coefficient of variation (%) over the last six days 
of each period

G GMS GRS GAS SED Significance

Milk yield 4.8 4.6 4.2 4.1 0.50 NS
Silage DM intake - 17.8 6.1 9.3
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4.3.9 Residual effects 

Significant residual effects are listed in appendix 15. These 

were primarily in milk composition although there was some indication 

that, had the experiment been one of continuous design, the silage DM 

intakes for cows offered silage overnight would have been higher.

This is not however supported by the mean change in silage DM 

intake over the 21 days of each period (figure 4.6) - there was 

little change for cows housed overnight but DM intakes increased 

in treatment GMS.
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-e GAS , O o GRS , GMS

Figure 4.6 Change in silage DM intake in each period

Few of the grazing behaviour parameters had significant residual 

effects. However, housing overnight did significantly depress the 

grazing time and number of grazing bites day  ̂of those cows at 

pasture overnight in the following period.
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The significant residual effects on milk fat content and fat 

yield suggest that even greater increases in both parameters by 

offering silage might occur over longer experimental periods.

The residual effects on milk protein content, although significant, 

were relatively small.

4.4 DISCUSSION

4.4.1 Animal production 

The decline in milk yield when silage was offered with ad I'Cb'itum 

herbage is in accordance with the literature (section 1,2.1.1.2).

This is due to the lower ME content of the silage compared with the 

herbage and possibly the increased crude fibre contents of the diets 

in treatments GRS and GAS (Gordon and Forbes, 1971).

In contrast to this experiment most reports in the literature

show little increase in milk fat content when silage is included

in a predominantly herbage diet. This is probably due to the high

crude fibre content of the herbage in reported experiments (mainly

in Australia and New Zealand) compared with the spring herbage in

this experiment. If the crude fibre content of the herbage,

silage and concentrate in this experiment are estimated at 150, 300 
-1and 50 g kg DM respectively (MAFF et al, 1975),then the dietary

crude fibre contents in treatment G, GMS, GRS and GAS were 140, 155,

179 and 200 g kg  ̂DM respectively. The critical crude fibre

content, below which milk fat content is depressed, has been

variously reported as 200 g kg  ̂DM (Kaufmann, 1976), 150 g kg”  ̂DM
-1(Running and Laben, 1966) and 140 g kg DM (Kessler and Spahr, 1967) .
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The results of this experiment suggest that milk fat content is
-1depressed at dietary crude fibre contents below 200 g kg DM and 

the depression was similar to that reported by Hildebrandt (1958) 

(figure 4.7).

CkO
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40

39

37
Experiment 2

Hildebrandt (1958)36

35

140 150 160 170 180 190 200 
Herbage crude fibre content (g kg ^DM)

210

Figure 4.7 Effect of crude fibre content of the diet on 
milk fat content

The depression in milk protein content when silage was fed 

overnight, although not significant, confirms the results in the 

literature (section 1.2.1.1.2) . This was probably due to the

low crude protein content of the silage compared with the herbage 

which reduced the non-protein-nitrogen content of the milk 

(Thomas, 1980). Both the protein and lactose content of the milk 

can also be depressed by a high dietary crude fibre content 

(Gordon and Forbes, 1971).
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The dominant influence of weather conditions on the grazing animal

were exemplified in this experiment when the milk fat content of cows
- 1in treatments G and GMS temporarily declined by 5 g kg on the day 

following a heavy storm. A similar effect has been reported by 

Sjollema (1950).

The low liveweight gain in treatment GMS, although non-significant, 

may have unrealistically reduced the herbage DM intake in this 

treatment. The allowance of five days for adjustment of gut contents 

is considered to be valid as the decline in live weight when housed 

cattle are turned out to pasture is accomplished within three days 

(Balch and Line, 1957). In addition Annison et at (1959) found 

that when sheep were transferred from a hay-based diet to lush spring 

herbage changes in rumen VFA were accomplished within five days.

No comparable data is available for the transition from herbage to
I ' — \silage, but in experiment 1 there was little effect of housing at

the end of the experiment on liveweight (figure 3.9), In addition

Storry and Sutton (1969) found that on changing from a low roughage

to a high roughage diet ruminai changes were completed within a

week.

4.4.2 Feed intake 

The absence of any effect of offering silage on ME intake suggests 

that there was no need for a buffer feed in this experiment, with 

adequate herbage available, very few wet days and low milk yields.

Under these conditions even the spring-calving cows (mean milk 

yield 26 kg) did not appear to require a buffer feed and their mean 

number of grazing bites day  ̂on treatment G (31,735) suggests that
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they were not limited by grazing time (Stobbs, 1973). In experiment 1
-Icows in early season had a similar milk yield (25 kg day ) and 

benefited from a buffer feed of hay. Conceivably the good weather 

conditions and higher herbage heights in this experiment (9,6 

compared with 7.5 cm) may have enabled the spring calvers to harvest 

sufficient herbage. It is also possible that hay complemented 

the low DM content of the herbage better than silage, although this 

would appear unlikely as neither group of spring-calving cows was 

limited by grazing time at this stage in the season.

The calculation of herbage DM intakes from animal production 

assumes the same efficiency of utilization of metabolizable energy 

in all treatments. As maximum efficiency of ME utilization 

probably occurs at approximately the critical dietary 

crude fibre content (Van Soest, 1963), it is possible that the 

herbage DM intake in treatment G was actually higher but was 

utilized less efficiently.

From herbage DM intakes the effective stocking rates for treatments

G, GMS, GRS and GAS were 5,3, 6.5, 7.3 and 9.2 cows ha  ̂respectively.

Total UME from herbage over 12 weeks was 68 GJ ha~^, giving a DM 
-1yield of 5.6 t ha . Overall grazing pressure was low, resulting 

in high herbage availability and a greater accumulation of rejected 

herbage than in experiment 1.

Higher silage DM intakes when silage was offered ad 'Ith'itum 

overnight compared with for 45 minutes resulted from restriction 

of herbage DM intake by housing overnight rather than the inability



132

to consume sufficient silage in 45 minutes. Maximum silage DM 

intake in treatment GMS was the same as the maximum hay DM intake 

in 45 minutes in experiment 1 (3 kg DM). However in this experiment 

the additional silage merely substituted for herbage.

Silage quality was found to be an important determinant of 

DM intake as the change in period 4 brought about a marked increase 

in silage DM intake (figure 4.2).

-1Over the whole experiment 0.34 t silage DM cow was fed in treatment 

GRS and 0.50 t DM to treatment GAS. In poorer weather and with less

adequate herbage more silage would be required. Housing cows

overnight restricted herbage DM intake in this experiment to
” 1 -111 kg DM day in period 1 and 8 kg DM day in period 4. • For

cows grazing throughout the day there is more opportunity to compensate 

for low herbage availabilities by increasing grazing time than cows 

housed overnight which have a maximum grazing time of less than 

eight hours. Thus although a restricted overnight silage allowance 

might appear to offer savings in feed costs it is likely to make 

even more demands of good grassland management than treatment G.

In addition the pasture-sparing effect of higher levels of silage 

DM intake may be utilized by increasing stocking rates.

The greatest response to silage in milk fat kg~^ silage DM was 

in treatment GMS. However due to the large diurnal variation in 

DM intake it was necessary to feed to a high level of refusal to 

ensure ad lih'itum intake. In practice it could be expensive to 

offer these small amounts of silage with a high level of wastage.
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4.4.3 Cow behaviour

Grazing times for cows in treatments G and GMS were low after 

turnout and offering silage increased total DM intakes at this time.

Low grazing times after turnout have also been reported by 

Jamieson (1975) and probably result from the high herbage ME 

content and high bite size rather than a failure of the cows to 

adjust to a predominantly herbage diet.

As the season progressed the herbage ME content decreased and 

grazed herbage height declined from 9,1 cm in period 1 to 7.9 cm in 

period 4. In addition herbage dead matter content increases over 

this period (Le Du et at, 1981). These factors resulted in an 

increased grazing time and biting rate through the season and a 

decline in bite size from 0,63 g DM in period 1 to 0,34 g DM in 

period 4. As in experiment 1 this suggests that small changes in 

herbage height within a grazed horizon can have large effects on 

grazing behaviour. More severe reductions in grazed herbage height 

would have reduced herbage DM intake as well as resulting in 

behavioural changes. Stobbs (1973) has estimated that the herbage DM in

take of 400 kg cows is depressed when bite size is less than 

0.3 g DM.

Biting rate increased through the day as the intensity of grazing 

(the proportion of each hour spent grazing) increased (figure 4.4). 

Jamieson and Hodgson (1979) found that the biting rate of strip- 

grazed calves was highest in the afternoon but this was confounded 

by the introduction of new pasture at 16.00 h. Rate of intake of 

conserved forage has been found to be higher in the afternoon
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than the morning (Burt, 1957). Rate of silage DM intakes were 

higher than where silage is the sole forage (Campling and Morgan,

1981) and were highest when silage was just offered for 45 minutes.

Increase in ruminating time over the course of the experiment

was similar in all four treatments but for different reasons - the

crude fibre content of herbage increased with advancing maturity

and silage DM intakes increased. The results suggest that spring

herbage is critically short of fibre and that this depresses milk

fat content in the same way as a concentrate ; forage imbalance in a

winter feeding regime causes a "low fat milk syndrome". Ruminating
-1times in this experiment were 36 minutes kg herbage DM (from

treatment G and assuming a negligible contribution from concentrates) 
-1and 53 minutes kg silage DM (from treatments GMS, GRS and GAS by

difference). This is similar to the value of 32 min kg  ̂herbage DM

from the same time period in experiment 1 but less than the value of 
-160-83 minutes kg silage DM reported by Balch (1971).

Time spent lying/lying and ruminating was reduced for cows housed 

overnight. As silage feeding time was also less than grazing time 

between afternoon and morning milking these cows spent much more of 

their time between afternoon and morning milking standing/standing 

and ruminating than those at pasture at this time. Castle et at 

(1950) found that cows spent less time lying/lying and ruminating 

in a cow-stall with yolks than at pasture, but Burt (1957) found 

that the pattern of lying/lying ruminating in a straw yard was similar 

to that at pasture. Clearly the total time spent lying down is 

reduced for cows in a cubicle house or cow-stall compared with cows
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at pasture or in a straw yard. Lying time in cubicles may be reduced 

by either injury to hocks and knees caused by standing up and lying 

down or by the restriction of movement in the cubicle. Probably 

the latter is the major factor involved since all cows housed 

overnight in this experiment lay down for some of the time in the 

cubicles,and cows at pasture were often observed to remain lying 

for most of the night.

4.4.4 Animal type

Whereas in experiment 1 it was found that high yielding cows 

benefitted from a buffer feed throughout the 1981 grazing season, 

there was no need for a buffer feed in either autumn- or spring- 

calving cows or heifers in this experiment. However, the analysis 

of animal type did elucidate differences in grazing behaviour, in 

particular between cows and heifers.

The smaller bite size of heifers compared with cows is attributable 

to their smaller size (Burt, 1957) and the relationship between bite 

size and liveweight was utilized in this experiment to adjust silage 

feeding times for differences in rate of intake. There was little 

difference in grazing or silage feeding times between types, 

although the biting rate of the spring-calving heifers was increased. 

This suggests that the intake of grazing animals could be modified 

by social habits ie feeding gregariously, although biting rate may 

be adjusted to compensate for this habit.

Differences in ruminating time between animal types were also small, 

despite considerably higher total DM intakes for the cows than the 

heifers. The relationship between total DM intake and ruminating
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time is therefore probably confounded by animal size, a factor which 

could limit the usefulness of the Chewing Index proposed by 

Balch (1971).

4.4.5 Residual effects

The existence of significant residual effects in some of the 

results suggests that the cows did not fully adjust to dietary changes 

within the 15 days in each period before Measurements were taken. 

Although there were no significant residual effects in herbage DM 

intake or most of the behaviour variables it would appear that the 

effects on milk composition were not complete. However, the residual 

effects on milk composition were not large and it was not considered 

necessary or sufficiently accurate to adjust the results accordingly.

In general short-term changeover experiments with grazing dairy 

cows have given very similar results to long-term experiments (see 

Greenhalgh et at, 1966, 1967). For example the only major difference 

in the changeover and continuous experiments of Greenhalgh et at 

(1966, 1967) that examined herbage availability for dairy cows was 

that the short-term trial overestimated liveweight change. No 

adjustment period was allowed in the changeover experiment for changes 

in gut contents. However underfeeding dairy cows causes mobilization 

of body reserves initially, followed by reduced milk production after 

reserves have fallen to a basal level (Neilson et at, 1983). Thus 

some overestimation of liveweight losses when cows are underfed for 

short periods of time is likely.
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4.3 SUMMARY

The effects of offering silage as a buffer feed on the performance 

and behaviour of set-stocked dairy cows was examined in the early 

part of the grazing season. Silage was offered either overnight, 

at a restricted level or ad libdtwn, or for 45 minutes after morning 

milking. Adequate pasture was available at all other times. These 

systems including silage as a buffer feed were compared with a 

grazing only treatment with no buffer feed.

Silage intakes were highest when silage was offered ad I'Lh'itum 

overnight but this was accompanied by a reduction in herbage DM intake. 

Total ME intakes were not affected by offering silage.

Offering silage overnight depressed milk yield but overall milk 

fat content was increased in proportion to the amount of silage fed.

At the higher levels of filage intake fat yields were increased and 

protein yields decreased relative to the grazing only treatment.

There were no significant effects on liveweight gain.

Offering silage depressed grazing times and increased ruminating 

times but there were no significant effects on biting rate at pasture.

The good grazing conditions and relatively low milk yields in this 

experiment appeared to obviate the need to buffer variation in 

herbage DM intake. Inclusion of silage into a herbage-based diet, 

however, had beneficial effects in terms of increased milk fat yield 

and reduced grazing requirements.
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CHAPTER 5

EXPERIMENT 3 THE EFFECT OF OFFERING SILAGE TO SET-STOCKED 
DAIRY COWS IN THE LATE PART OF THE GRAZING SEASON

5.1 INTRODUCTION

Experiment 2 demonstrated that under the conditions of that 

experiment there was little need for a buffer to variation in 

herbage DM intake in the early part of the grazing season.

However in the later part of the grazing season herbage DM intake 

can be reduced by inclement weather, a high degree of faecal 

contamination of the pasture and a high dead matter content of 

the sward.

As variation in herbage DM intake is likely to be greater in 

the late grazing season, it was important in planning this experiment 

for mid-late season that silage offered overnight was available 

ad tib-itum, in addition it was envisaged that offering silage 

after morning milking might have limited effectiveness as a buffer 

if restricted to a 45 minute period. A second treatment, therefore 

examined the provision of silage after morning milking until the 

cows had finished eating.

This experiment examined the effect of three feeding systems on 

dairy cow production and behaviour; grazing throughout the day; 

grazing with silage offered ad 'lih'itum after morning milking and 

grazing during the day with silage offered ad tibitmn overnight.
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5.2 MATERIAL AND METHODS

5.2.1 Design

Eight British Friesian cows and ten British Friesian heifers 

were allocated to the three treatment groups in a balanced changeover 

design (appendix 12), similar to that used in experiment 2 (4.2.1);

G - grazing only; GMS - grazing + ad t'Cbitum silage after morning 

milking; GAS - grazing + ad Zibt-tum silage overnight. Cows were 

allocated to the six blocks of the Latin Square design so that the 

cows within each block were as similar as possible in terms of 

milk yield and live weight (appendix 13). Within blocks cows 

were allocated to the three treatments at random.

The experiment ran for nine weeks (three 3 week periods) from 

4 August to 6 October 19^2.

5.2.2 Dairy cow management and measurements

For three weeks prior to the commencement of the experiment 

cows grazed unrestricted pasture with 4 kg concentrates day ^.

Before this the majority of the cows had received varying 

proportions of herbage and silage in experiment 2.

During the experiment cows were milked at 07.30 and 16.10.

Cows in treatment GAS were at pasture on average for 7 hours 25 minutes 

and received silage for 14 hours 40 minutes.

After morning milking cows in treatment G and GAS were taken to 

pasture. Cows in treatment GMS were offered silage ad Z'tb'itim 

in a feeding passage and were returned to pasture when two thirds 

of the cows had finished eating silage. After the afternoon milking
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cows in treatment GAS were offered silage in the feeding passage of a 

kennel building in periods 1 and 2 and a cubicle house in period 3 

until morning milking (plate 2). All cubicles were bedded with 

sawdust.

Records of milk yield and composition, liveweight, silage DM

intake, herbage height and grazing behaviour were taken as in

experiment 2 (4.2,2). Rate of biting at pasture was recorded

as in section 4.2.2, except that measurement for treatments G and
-1GMS were taken on three days period at 09.15, 13.20 and 17.40

-1 -1hours (plate 2), giving 9 measurements cow period . As cows 

in these treatments did very little grazing before morning milking 

it was not possible to record biting rate at that time.

5.2.3 Fields and feeds management

Cows were stocked in a continuous grazing system with the same 

available herbage height for each treatment group. This was 

achieved as in experiment 2 by rotating treatment groups around 

three of the areas of 1.^ ha.each that were used in experiment 2. 

These areas were topped two weeks before the start of the trial 

to remove rejected herbage. Overall stocking rate for the three 

treatment groups was 5.1 cows ha ^. Fertilizer application is 

shown in appendix 4,

Silage offered was from a primary growth of a perennial ryegrass 

(Lolium perenne) and white clover (Trifolium repens) ley made as 

in section 4.2.3. Individual silage DM intakes were calculated 

from the time spent eating silage adjusted for individual rates 

of eating energy from silage and herbage.



' I .III. I r 11 1

PLATE 2
TOP - The grazing area. Division of the grazing area by electric 
fencing resulted in the cows in each treatment group behaving as 
a separate herd.
h.IDDLE - Recording grazing behaviour.
BOTTCL - oilage feeding in the cubicle house.
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Concentrates were offered twice daily in the parlour at 3 kg 

freshweight day""̂ . Ingredients are listed in appendix 11. Water 

was available in each grazed area and in the overnight housing.

Feed sampling and chemical analyses were performed as in 

experiment 2 (4.2.3),

5.2.4 Statistical analysis

Treatment, period and residual effects were analysed according 

to Patterson and Lucas (1962) (appendix 14). Differences- between 

individual treatment means were tested by Student's "t" test and 

significant differences (P<0.05) are indicated by different 

superscripts. As in experiment 2 treatment means were not adjusted 

for residual effects.

All animals were in good health throughout the experiment and 

there were no missing plots,

5.3 RESULTS

5.3.1 Weather

Mean daily rainfall in the experimental period (4,4 mm day” )̂ 

was higher than the average for 1951-80 over this period (3.3 mm day"~̂ ) 

and considerably higher than earlier in the season (1.8 mm day  ̂- 

section 4.3.1) (appendix 8). Mean daily sunshine hours (3.8 h day” )̂

were less than earlier in the season (6.2 h day~^) and the average
 ̂ -1 for 1951-80 over this period (4.2 h day ).
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5.3.2 Herbage height 

Mean herbage height and grazed herbage height over the 12 weeks 

were 7.2 cm (SD 0,39) and 6.1 cm (SD 0.31) respectively. Grazed 

herbage height and, to a lesser extent, herbage height declined 

over the course of the experiment (figure 5.1),

The proportion of the herbage area that was rejected increased 

through the experiment, but the rate of increase was less than 

earlier in the season (4.3.2):

y =  18,5 + 1.27 X equation 8

where x = week of experiment

y = proportion of herbage area rejected (%).

5.3.3 Feed composition 

Herbage was of similar ME content to silage but had twice the 

crude protein content (table 5.1). There was little change in the 

ME content of herbage or silage over the course of the experiment 

although there was an increase in herbage crude protein content 

(figure 5.1).

5.3.4 Feed intake 

Herbage DM intakes were depressed by offering silage, particularly 

in treatment GAS (table 5,2), and declined through the experiment 

(figure 5,2).

Silage DM intakes were considerably higher when cows were offered 

silage overnight compared with after morning milking. The mean
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Figure 5.1 Herbage height and chemical composition of the feeds
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length of time for which cows in treatment GMS were offered silage

was 67 minutes, with little difference between periods. Silage

DM intakes tended to increase over the season as herbage DM

intakes declined, although this difference was not significant.

In treatment GMS silage DM intake was significantly related to

mean daily rainfall:

y = 3.2 + 0.033x; (r - 0.26*) equation 9
’ -1where x = rainfall (mm day )

“1y = silage DM intake (kg day )

Total DM intakes were increased by offering silage, especially
-1in treatment GAS. Mean substitution rates (kg herbage DM kg 

silage DM) for treatments GMS and GAS were 0.68 and 0.74 respectively. 

Total DM intakes declined over the course of the experiment. ME 

intakes were similarly increased by offering silage and declined 

through the season.

Intake of crude protein was decreased by offering silage, despite 

higher total DM intakes, because of the low crude protein content of 

the silage compared with herbage. Supply of RDP was adequate in 

all treatments, but UDP was probably limiting in treatment GAS and 

possibly treatment GMS, depending upon the actual degradabilities 

of the feeds.

5.3.5 Cow behaviour

Grazing time was depressed by offering silage (table 5.3), on
-1average by 27 and 33 minutes kg silage DM for treatments GMS and 

GAS respectively. Grazing time in treatment G was higher than for 

similar cows earlier in the season (4.3.5) but was similar in
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treatments GMS and GAS. It was significantly lower in treatment GAS 

in period 2 but there was little change over the season in treatments 

G and GMS (figure 5.3). This and other period differences may have 

been confounded by varying weather conditions and cow groups in the 

three periods. Cows offered silage after morning milking ate for 

43 minutes on average.

Offering silage increased ruminating time, particularly in 

treatment GAS. Ruminating time was highest in period 1, probably 

due to higher feed intakes at this time (table 5,2).

As was found earlier in the season cows housed overnight 

(treatment GAS) spent more of their time between afternoon and 

morning milking standing/standing and ruminating and less time 

lying/lying and ruminating than those cows at pasture overnight 

(table 5.4). Between morning and afternoon milking this situation 

was reversed, with cows receiving silage overnight spending more time 

lying/lying and ruminating than those cows at pasture overnight.

As the season progressed cows in treatment GAS tended to spend more 

time lying and ruminating and less time standing and ruminating 

(figure 5.3). These cows also spent less time eating either 

during the day (grazing) or at night.

The diurnal variation in time spent grazing, eating silage and 

ruminating is shown in figure 5.4. In treatment G there were 

three major grazing bouts - two between morning and afternoon 

milking and one in the evening. There was also a smaller peak 

of grazing activity at midnight. The pattern was similar in 

treatment GMS except that the first grazing bout after morning
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milking was largely replaced by silage feeding. In treatment GAS 

most of the grazing activity was concentrated into the afternoon 

and silage feeding was predominantly in the evening, except for 

a peak around 06.00 hours.

Ruminating activity was mainly at night in treatment G but 

feeding silage after morning milking (GMS) increased the time spent 

ruminating between morning and afternoon milking.

Biting rate tended to be decreased by offering silage, particularly 

in treatment GAS, and this difference approached significance (table 5.5).It 

also tended to increase through the day and offering silage after 

morning milking decreased biting rate in the morning. Despite 

declining herbage height there was only a small increase in biting 

rate over the course of the experiment.

The number of daily grazing bites was high in treatment G and 

was reduced by offering silage - a reflection of lower grazing times 

and biting rates. Derived bite size and herbage intake rate were 

low and were also reduced by offering silage. Bite size and 

herbage intake rate were reduced in period 3 when grazed herbage 

height was lowest.

Silage intake rates were higher than recorded earlier in the 

season and were highest when silage was offered after morning 

milking. Silage intake rates declined over the course of the 

experiment.
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5.3.6 Animal production

Milk yield was not significantly affected by treatment (table 5.6), 

although it tended to be increased by offering silage in period 3 

when rainfall was high (figure 5.5).

Milk fat content and milk fat yield were significantly increased 

by offering silage overnight,and milk fat yield also tended to be 

increased in treatment GMS, The rapid decline in milk yield in 

treatment G in period 3 was accompanied by a marked increase in 

milk fat and protein contents.

Milk protein content was not significantly affected by treatment, 

although it tended to be depressed when silage was fed overnight.

Over the course of the experiment milk yield declined and milk fat 

and protein content increased, reflecting stage of lactation 

differences.
I

Milk lactose content was significantly increased by offering 

silage overnight, this difference mainly occurring in the final 

period.

Liveweight gain was significantly increased by offering silage, 

in particular in treatment GAS. Although not significant,liveweight 

gain tended to be reduced in period 3,

5.3.7 Coefficients of variation

The coefficient of variation of individual cow milk yields over 

the last six days of each period tended to be reduced by offering
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silage overnight (table 5.7), There was little difference in the 

coefficient of variation of silage DM intake between treatments 

GMS and GAS.

Table 5.7 Coefficient of variation (%) of milk yield and silage 
DM intake over the last six days of each period

G GMS GAS SED Significance

Milk yield 7.6 7.4 5.8 1.19 NS

Silage DM intake - 12.1 10.8

5.3.8 Residual effects 

Significant residual effects are listed in appendix 15. These 

were mainly in ingestive behaviour. Grazing time and herbage 

DM intake of cows in treatment GMS may have been increased by 

experimental treatment in the previous period and this was 

reflected in significant residual effects in milk protein yield.

It is also possible that the grazing time of cows in treatment GAS 

was lower than it would have been in a continuous trial.

There were no significant residual effects on silage DM intake, 

although the change in intake over the 21 days of each period suggests 

that the cows may not have reached maximum intake by day 15 when 

measurements commenced (figure 5.6).
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5.4 DISCUSSION

5.4.1 Animal production

Offering silage increased ME intake, particularly when offered 

overnight, and most of this extra output was directed towards liveweight 

gain. This is not surprising since the cows were on average in 

their sixth month of lactation at the start of the experiment and 

were therefore likely to respond to extra energy intake by 

increasing live weight rather than milk production (Broster, 1972).

In addition most of the animals were heifers which partition 

relatively more energy to liveweight change and less to milk 

production compared with cows (Broster, 1972).

For spring-calving cows it is more efficient to replenish in

late lactation the fat depots that were utilized in early lactation,

rather than in the dry period (Moe et at, 1971). To this end a
-1liveweight gain of at least 0.5 kg day is required at this time 

(ADAS, 1978) . For heifers a higher liveweight gain is required 

in order to ultimately achieve mature live weight. In this 

experiment the heifers were on average only 500 kg at the start 

of the experiment compared with a mature live weight of cows in this 

herd of 630 kg, and a high liveweight gain at this time could 

increase subsequent milk production.

The errors in measurement of liveweight change under similar 

circumstances have been discussed in section 4.4.1 and the same 

considerations apply in this experiment.



161

The increased ME intake is in contrast to results from earlier

in the grazing season (experiment 2). Grazed herbage height at

its minimum - 5 cm by MMB rising plate meter, equivalent to 6,6 cm

on a graduated ruler (Baker, 1980) - probably did not greatly

restrict herbage DM intake (Le Du and Hutchinson, 1982), However,
-1the high rainfall in period 3 (mean herbage DM content of 120 g kg 

at this time) probably did restrict herbage DM intake. A possible 

mechanism is reduced bite size of herbage DM - mean herbage bite 

size in periods 1, 2 and 3 was 1,54, 1.55 and 1.58 g freshweight 

but 0.27, 0.28 and 0.19 g DM respectively. High grazing times 

and biting rates in treatment G suggest that grazing behaviour was 

modified in an attempt to minimize any restriction on herbage DM 

intake. In addition high dead matter content of the herbage and 

the high degree of faecal contamination of the pasture may have 

intrinsically depressed herbage DM intake.

Under these circumstances offering silage that was consumed at
-1 -1 70 g DM min when offered for one hour and 56 g DM min when

offered overnight, compared with only 18 g DM min~^ for fresh

herbage, resulted in a substantial increase in DM intake.

The importance of weather conditions as a factor affecting 

herbage DM intake has been demonstrated by Slade (C R, personal 

communication), who offered September calving cows either unrestricted 

herbage or ad HbdiMm silage as the basal forage after calving.

This was examined for three years and the results show that in a 

wet autumn milk production was highest from cows offered silage, 

whereas in dry weather the reverse was true. Other workers have
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found that prolonged periods of inclement weather result in a rapid 

decline in the milk yield of grazing cows even when herbage is 

unrestricted (ADAS, 1981).

The increase in milk fat content when silage was offered overnight
Icould have been due either to the increase in crude fibre content of 

the diet compared with treatment G or the increase in energy intake.

If the crude fibre contents of the feeds are estimated as 200,
“1300 and 50 g kg DM for herbage/ silage and concentrates respectively

(MAFF et at, 1975) then dietary crude fibre concentrations were 172,
-1206 and 242 g kg DM for treatments G, GMS and GAS respectively.

Reports in the literature suggest that there is no increase in milk
-1fat production above crude fibre contents of 200 g kg DM (section 

4.4.1) .

The increase in fat yield in this experiment when silage was 

offered overnight was 2.2 g MJ  ̂of additional ME intake. This 

is similar to the value of 2.2 g MJ  ̂of additional digestible 

energy from Sutton et at (1978), where the concentrate;forage 

ratio was constant at both levels of energy intake. The increase 

in milk fat yield in the latter experiment was manifested by 

an increase in milk yield and fat content, but the absence of a 

significant increase in milk yield in this experiment may be 

attributable to the low level of milk yield. In other experiments 

the effect of increasing energy intake on milk fat content has 

been obscured by an increasing concentrate ; forage ratio. It 

is likely in this experiment that increased energy intake and 

possibly crude fibre intake caused the increase in milk fat content.
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The depression in milk protein content when silage was fed

overnight is similar to that found in experiment 1 and probably

represents a decrease in the non-protein-nitrogen content of the

milk. With isonitrogenous diets an increase in energy intake

results in an increase in milk protein content, but in this case,

the large difference in crude protein contents of the diets
- 1(249, 213 and 161 g kg DM for treatments G, GMS and GAS respectively) 

had an over-riding effect on milk protein content.

Despite the conventional view among dairy scientists that the

lactose content of the milk is immutable (eg Schmidt and Van Vleck,
I

1974), several experiments have shown that improved feeding can 

increase milk lactose content (Rook and Storry, 1964), albeit to a 

lesser extent than milk fat and protein content. In addition high 

stocking rates and correspondingly low feeding levels were found 

to depress milk lactose content in experiment 1 (3.3,6). The 

increase in milk lactose content when silage was fed overnight in 

this experiment is therefore indicative of a higher plane of 

nutrition and to some extent dispels any doubts about the accuracy 

of herbage DM intake measurements.

5.4.2 Feed intake 

An important difference between this experiment and experiment 2 

is that silage and herbage were of similar energy content in this 

experiment, whereas herbage was of 1.7 MJ kg DM higher ME content 

in experiment 1. Cows that received silage overnight may have 

preferred silage to herbage due to its ease of prehension.

Evidence for this comes from the period of silage feeding before
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being taken to pasture and the low grazing times of these cows.

In addition biting rate and bite size tended to be reduced, 

suggesting less intensive grazing compared with cows in treatment G. 

However, even if silage was preferred to herbage, cows in treatment 

GAS still ate some herbage, and this made a useful contribution 

to the intake of UDP, which could have been limiting.

It was not determined in this experiment whether feeding high

quality silage overnight at this stage in the grazing season would

result in poor herbage utilization, even if stocking rates at

pasture were high. From herbage DM intakes the effective stocking
-1rates at pasture were 3.4, 4.6 and 13.5 cows ha for G, GMS & GAS, but

even if cows offered silage overnight were stocked at 13 cows ha ^

it is unlikely that herbage utilization would be high because of

the low intensity of grazing. In such circumstances it is likely

that the area of herbage rejected around each faecal deposit would

be high and problems could arise with excessive poaching at the
I

gateways. It should be remembered, however, that the cows are 

only passing through the gateways twice a day and only 35-40% of 

the faeces is deposited on the day pasture (MaClusky, 1959).

Although cows in treatment GMS were allowed access to silage 

until they had stopped eating, intakes of ME were still less than 

when silage was offered overnight. Maximum silage DM intake after 

morning milking was 5 kg cow ^. Meal time of silage is low 

compared with hay, particularly for very acidic silages (Campling 

and Morgan, 1981), and this property of silage may have limited the 

intake of cows in treatment GMS. Intake could have been limited
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by gut fill,but this is unlikely since there was usually a period 

of grazing after these cows were returned to the field. Offering 

silage after morning and afternoon milking could increase the 

buffering effect of silage without restricting herbage DM intake 

by housing the cows overnight.

-1The total output of UME in this experiment was 24.0 GJ ha , 

which is equivalent to 2.1 tonnes herbage DM. In experiment 1 

outputs of 19 GJ ha were achieved over a similar time period.

5.4.3 Grazing behaviour

The high grazing times and biting rates in treatment G suggest

that grazing behaviour was adapted to compensate for low bite size
-1(g DM). The number of bites day for the heifers in treatment G 

(38,223) was considerably higher than the maximum proposed by 

Stobbs (1973); that of the cows was lower than the heifers (36,247) 

because of a lower biting rate (as was found in experiment 2) rather 

than a lower grazing time. Mean bite size of the cows and heifers 

(0.29 g DM) was similar to the limiting bite size of 0.30 g DM 

proposed by Stobbs (1973).

Ruminating times in this experiment were 38 minutes kg  ̂herbage 
-1DM and 45 minutes kg silage DM (calculated as in experiment 2).

These values are similar to those obtained in experiment 2 although
-1higher ruminating times kg DM for heifers compared with cows 

(experiment 2) prevents detailed comparison.
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As in experiment 2 cows housed overnight spent more time 

standing/standing and ruminating and less time lying/lying and 

ruminating than cows at pasture overnight. This difference was 

observed in both buildings used for overnight housing and is 

unlikely to have been caused by unsuitable cubicles.

5.5 SUMMARY

The effects on the performance and behaviour of set-stocked 

dairy cows of offering silage as a buffer to variation in herbage 

DM intake was examined in the late part of the grazing season.

Silage was offered ad tïb'ûtum either after morning milking or 

indoors overnight with adequate pasture available at all other 

times. These systems including silage as a buffer feed were 

compared with a grazing only treatment with no buffer feed.

Silage DM intakes were highest when silage was offered overnight 

and in this treatment herbage comprised only 20% of the total forage 

DM intake. However total DM intakes were increased both in this 

treatment and, to a lesser extent, when silage was offered after 

morning milking. Mean substitution rate was 0.7 kg herbage DM kg~^ 

silage DM.

Offering silage tended to increase milk yield and milk fat content, 

but most of the extra energy intake was utilized for liveweight gain, 

because of the late stage of lactation and high proportion of heifers. 

Milk lactose content was increased and milk protein content tended 

to be decreased by offering silage overnight.
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Cows fed silage overnight had a lower intensity of grazing during 

the day, with lower grazing times, biting rates and bite size. 

Ruminating times were increased by offering silage.

In this period of relatively high rainfall and a high degree 

of faecal contamination of the pasture, with a correspondingly low 

herbage DM intake, the need for a buffer feed was evident.

Offering silage after morning milking did not result in as great 

an increase in production as when silage was offered overnight.
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CHAPTER 6

EXPERIMENT 4. THE EFFECT OF RESTRICTION OF SILAGE DM INTAKE 
AND THE PROVISION OF HAY AS A BUFFER FEED ON DAIRY COW PRODUCTION

6.1 INTRODUCTION

The silage DM intake of dairy cows may be restricted for several 

reasons in a winter feeding regime. Firstly, the conservation of 

silage may be insufficient to maintain ad libitum intakes throughout 

the winter, and a restriction is implemented by reducing the amount 

of silage offered to the cows in a passageway feeding system or by 

restricting the movement of a barrier or access to the silage face

in a self-feeding system. Secondly, silage DM intake may be restricted

by making the cows clear up all the silage offered in a passageway or 

by a restricted width of feeding space per cow in a passageway or 

self-feeding system. Thirdly, low silage quality may restrict both 

silage DM intake and the nutrients obtainable from the silage.

Finally, by restricting silage DM intake farm stocking rates can be 

increased as it is possible to carry more cows on the same area of land.

In these situations provision of an alternative forage to buffer 

the reduced silage DM intake could increase forage DM intake and 

improve milk production, A suitable forage for this purpose is

hay since it is of similar nutritional value to silage and is

readily purchased. However, if the hay is preferred to the silage, 

it may be necessary to restrict hay DM intakes so that the hay will 

not substitute for the restricted ration of silage. In this 

experiment, therefore, hay was offered ad l'î bituïïi f.OTC 90 minutes 
after morning milking.
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This experiment examined the effects of offering silage either 

ad libitum or at a restricted level and of offering hay as a buffer 

feed at both silage levels.

6.2 MATERIAL AND METHODS

6.2.1 Design

Twelve British Friesian cows and four British Friesian heifers 

were allocated to four treatment groups of a balanced changeover 

(Latin Square) design (appendix 12); A - ad libitum silage;

Ah - ad libitum silage + hay; R - restricted silage and Rh - 

restricted silage + hay. In addition all cows received 9 kg 

concentrate day . The experiment comprised four 3 week periods 

and ran from 8 January to 1 April 1981,

Cows were allocated to the four blocks of the Latin Square design

so that the cows within each block were as similar as possible in

milk yield, live weight, parity, calving date and condition score,
-1At the start of the experiment average milk yield (kg day ), 

liveweight (kg) and condition score for the 16 cows were 24.2 (range 

16.5-30.2), 583 (range 450-660) and 2.4 (range 2.0-3.0) respectively. 

Mean calving date was 16 November (range 16 October - 27 November).

6.2.2 Dairy cow and feed management 

Cows were group housed with access to 16 cubicles. Peed was 

offered in individual boxes fitted with Calan gates (American 

Calan Inc., North wood, USA) , activated by transponders suspended from 

the cows' necks (Broadbent et al, 1970). Boxes were sited either 

side of a central passage adjacent to the cubicle area.
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After training the cows to open the Calan gates, cows were offered 

silage ad tibitim and 9 kg concentrates daily for two weeks prior to 

the start of the experiment. The restricted silage ration for each 

cow was then calculated as 80% of the average daily silage DM intake 

of that cow eaten in the final week of the pre-experimental period.

During the experiment silage refusals on treatments A and Ah were 

weighed daily immediately before hay was offered ad 'libitum for one 

and a half hours at 08,30 h.to cows on treatments Ah and Rh. Hay 

refusals were then weighed and fresh silage rations placed in the 

boxes. Both forages were offered in sufficient quantities to ensure 

that 10-15% of the original weight was available as a residue when 

offered ad libitum. Hay was chopped using a precision-chop forage 

harvester to prevent it being pulled out of the feeding boxes.

Silage was from a predominantly perennial ryegrass (Lolium perenne) 

and white clover (Trifolium repens) sward that was harvested as 

described in section 4.2.3.

Concentrates were offered at the same level - 9 kg freshweight
-1day - to all cows throughout the experiment. Of this 1 kg was 

fed in the parlour at each milking, and 3.5 kg was fed in the boxes 

after the afternoon milking. The remaining 3.5 kg was fed at the 

start of the hay feeding, those cows not receiving hay being removed 

to the cubicle area when they had consumed their concentrate ration.

The composition of the concentrate cube is given in appendix 11.

Water was freely available to all cows in the feeding area. Cows 

were milked twice daily at 07.00 and 17.00 h.
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6.2.3 Dairy cow and feed measurements

Milk yields were recorded at each milking during the last six days 

of each period and in the first six days of periods 2, 3 and 4.

Rate of change of milk yield was calculated by regression of these 

milk yield recordings.
I

Aliquot samples of milk were taken at each milking in the last 

two days of each period and in the fifth and sixth days of periods 

2f 3 and 4. Samples were analysed for fat, protein and lactose 

content using a 1st Electric Milkoscan 203 (Biggs, 1979).

Live weight was recorded on days 7, 14 and 21 of each period 

and liveweight change was calculated for each cow by linear regression.

Hay, silage and concentrates were sampled once a week for the 

determination of chemical composition. An additional oven DM 

determination of silage and hay samples was performed daily for 

the calculation of DM intake. In vitro digestibilities of the 

feeds were determined according to Alexander and McGowan (1966,

1969) and the equation used for the prediction of the metabolizable 

energy (ME) content of the feeds is shown in appendix 7. The 

output of ME was calculated from MAFF et al (1975), and the intake 

and requirement of rumen-degradable protein (RDP) and undegradable 

protein (UDP) were calculated from ARC (1980).

6.2.4 Statistical analysis

The significance of the treatment differences was examined by 

the method of Patterson and Lucas (1962). This method also examined



172

the effect of treatment in the previous experimental period on 

treatment effects (residual effects). Differences between 

individual treatment means were tested by Student's "t" test, 

and significant differences (P<0.05) are indicated by different 

superscripts.

The health of all aijiimals on the experiment was satisfactory 

and there were no missing plots.

6.3 RESULTS

6.3.1 Feed composition

Silage was relatively mature and had a low ̂ energy content 

(table 6.1). In addition it had a high ammonia-nitrogen content 

and pH, and a substantial proportion had undergone a butyric 

fermentation. Hay was of good quality with a high energy and 

crude protein content.

6.3.2 Feed intake

Restricting the silage ration reduced intake to 62% of ad libitum 

intake (treatment R compared with treatment A, table 6.2). This was 

lower than expected due to higher ad libitum silage DM intakes during 

the experiment compared with in the pre-experimental period, as a

result of low silage quality in the latter (7.0 MJ kg  ̂DM; 262 g

ammonia N kg  ̂total N; pH 5.0).

When silage was offered ad libitum, offering hay depressed

silage DM intake, on average by 0.67 kg silage DM kg*"̂  hay DM.

When silage was offered at a restricted level there was no
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Table 6.1 Chemical composition of the feeds (g kg  ̂DM 
unless otherwise stated)

Silage Hay Concentrates

Dry matter (g kg ) 205 810 861

ME (MJ kg”  ̂DM) 8.2 10.0 13.2

Organic matter 890 898 894

Crude protein 151 164 197

I n  v i t r o  digestibility 560 678 748

Calcium 5.1 4.6 11.1

Phosphorus 3.5 4,4 6.8

Magnesium 2.3 1.9 7.1
-1Ammonia nitrogen (g kg total N) 139 - -

pH (units) 4.4
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-1Table 6.2 Feed intake (kg day )

A Ah R Rh SED Significance

Silage DM 7.8^ 6.0^ 4.8^ 4.7= 0.22 * * *

Hay DM - 2.7^ - 3.1* 0.16 ***

Forage DM 7.8b ' 8.7^ 4.8^ 7.8^ 0.21 ***

Concentrate DM 7.7 7.7 7.7 7.7

Total DM 15.eb 16.5^ 12.6^ 15.5^ 0.21 ***



175

substitution of silage for hay. Hay DM intakes were lower when 

silage was offered ad 'tihitum.

Total DM intake was increased by offering hay, both when silage 

was offered ad Zihitum and at a restricted level. As a result 

total DM intake was highest when hay was offered with ad Vibitum 

silage. Cows offered hay with restricted silage (treatment Rh) 

had a similar total DM intake to cows offered silage ad libitum 

(treatment A).

6.3.3 Animal production 

Milk yield was significantly increased by offering hay but was 

not affected by restricting the silage ration (table 6.3). There 

were no significant effects on the fat or lactose content of the 

milk but milk protein content was significantly reduced in treatment R,

Milk protein and lactose yield were significantly increased by
(

offering hay. Restricting the silage ration reduced the yield of 

milk protein and tended to reduce the yield of milk fat.

In all treatments cows on average lost weight over the course of 

the experiment. In treatment R loss of live weight was particularly 

high.

The average rate of decline of milk yield over the first and last 

six days and the entire period is shown in table 6.4, In the first 

six days restricting the silage ration (treatments R and Rh) 

increased the rate of milk yield decline, but in the third week the
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Table 6.4 Rate of decline of milk yield

A Ah R Rh
-2Milk yield decline (kg day )

First 6 days of each period +0.030 +0.023 -0.174 -0.099

Last 6 days of each period -0.230 -0.031 -0.236 -0.065

Entire period -0.028 -0.013 -0.089 -0.035
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dominant effect was a reduced rate of decline for those cows offered 

hay. Overall, cows in treatment R tended to have a more rapid 

rate of decline than cows in the other three treatments.

6.3.4 Nutrient intake and output 

Cows offered ad tibitum silage plus hay had the highest ME 

intake, and cows offered restricted silage the lowest (table 6.5). 

Despite similar total DM intakes (table 6.5) cows in treatment Rh 

had higher ME intakes than treatment A, due to the higher ME content 

of hay than silage. On average ME intake was 99% of ME output.

The intake of RDP was greater than the output at all probable 

degradabilities, but UDP intake could have restricted animal 

production if the feed degradabilities approached 90%,

6.3.5 Treatment effects in the first six days of each period

Silage DM intake in the first six days of each period (table 

6.6) was similar to the last six days (table 6.2), except that in 

treatment Ah silage DM intake was higher in the first six days and 

hay DM intake correspondingly lower at this time. In iDoth 

treatments Ah and Rh hay DM intakes were lower in the first six 

days than the last six days, but the relative difference between 

the two treatments was similar.

In contrast to the significant improvement of milk yield in the 

last six days when hay was offered, there was only a small effect 

in the first six days. Feeding hay did, however, immediately increase

the milk protein content, although this did not persist into the last
i

six days of the period.
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6.3.6 Variation in feed intake and milk yield 

The coefficients of variation of hay and forage DM intakes and 

milk yields over the first and last six days of each period are 

shown in table 6,7. Variation in hay DM intake was high, particularly 

in the first six days of the period and when silage was offered 

ad tihitum . in the first six days offering hay increased the 

variation in forage DM intake as cows adjusted to the new feeding 

system. In the last six days there was no difference in the 

variation of forage DM intake of cows offered ad libitum silage or 

cows offered ad libitum silage plus hay, but variation tended to 

be less for cows offered restricted silage plus hay compared with 

cows offered ad libitum silage.

The variation in milk yield tended to be reduced by offering hay 

both in the first and last six days, but restricting the silage 

ration had no effect. Residual effects of the treatment in the 

previous period were strong, with those cows offered hay in the 

previous period having reduced variation in milk yield (appendix 15).

6.3.7 Residual effects

6.3.7.1 Days 1-6 of each period

In the first six days of each period silage DM intake was 

significantly affected by the residual effects of the previous period, 

but hay DM intake was not (appendix 16). Milk yield was not 

significantly affected by residual effects but milk protein content 

was, with those cows receiving hay in the previous period having 

higher milk protein contents.



181

ü)ü

Î
p•H
&•HW

%

r~ CN PO CNQ Lf) CN CD CO LT)Ww ro ro .—t O O

QJ
A
P

P
QJ
>
0

q
H
Q)

*H
>1

rH
•H
S

q
c
(d

QJ
A

S
R

•H

S q
O 0

■H
QJ p
tr> QJ
(d f t
P
0 A

p U
(d

p QJ
0

p
R 0
0

•H w
P
(d (d

•H q
P
td X
> ■H

u
p
0 p

«
(Q Id
P rH
R
QJ fO

•H R
O (d

•H
P p
P UJ
Q) p
0 •H

U P

A Atd
S

«

CD

QJ àP
1—1

' â >
EH U

in en CD CO o CD
CO en CN en Mj*
CN

q Ain CD r~
CD r~ LO en

en en o CD en
CN CDCD CN

A IdCN CN en
CO 'f—C1-H IT) Mj<

QJA
P

qp oo H CD CN CDp l 1 1
(JJ QJ m
^  f t
IdQ

CN
Iin

U)
I

CM
Im

a a
QJ QJ

ro
p

m
p

rX R R pId ra ■H •H
P P "OR R S S P
■H ■H p Q QJ

•H
S s QJ QJ >1
Q Q tn Cn

id id A4ÏH p P t—1
id Id 0 0 ■H

W M ft ft S

3(U
A
a
s

A'
g
MP
q

m
CNI
Sft



182

6.3.7.2 Days 15-21 of each period

In all the feed intake measurements the residual effects were 

small and non-significant, but they were significant in milk lactose 

yield and liveweight gain, and other animal production parameters 

approached significance (eg ME output).

6.4 DISCUSSION

6.4.1 The effect of offering hay 

This experiment illustrates the importance of forage quality 

on voluntary DM intake and milk production. The low quality of 

the silage restricted total DM intake to 2.6% of live weight in 

treatment A and offering good quality hay increased total DM intake 

and milk production. This is in accordance with work by Better 

(1978), who found that offering good quality hay with silage of a 

low intake characteristic increased milk yield, and that the 

substitution rate of silage DM for hay DM was 0.70, which is similar 

to the value of 0.67 in this experiment. In subsequent experiments 

Better (1978) found that the substitution rate of silage for hay, 

where both are of similar intake characteristics, is approximately 

1.0. Silage DM intake cannot always be predicted from its 

digestibility (Van Soest, 1982) and cows offered poorly fermented 

silage will probably have a greater response to hay supplementation.

Some benefit may also be obtained from offering two forages 

instead of one, Coppock et al (1974) found that forage DM intake 

was increased when hay was offered with silage of similar quality, 

although hay was not the preferred forage.
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Offering hay had no effect on milk composition in this experiment, 

which is in contrast to the work of Better (1978), who found that, 

when milk yield was increased by offering hay, milk fat content 

tended to decline. ^

Castle et at (1981) found that chopping hay to 12 mm reduced

voluntary DM intake compared with long hay, probably because cows

found the chopped hay difficult to eat. Hay chop length was not

determined in this experiment, although it was similar to that of

the hay used in experiment 1 (15 mm), The minimum rate of hay
-1DM intake in this experiment was 35 g DM min (if the cows ate for 

all the 90 minutes allowed) and it is therefore unlikely that the 

cows found this chopped hay difficult to eat.

In this instance where the buffer feed was of higher quality 

than the basic forage and was clearly preferred, the duration of 

access was probably an important determinant of buffer intake.

If the cows had had longer than 90 minutes,those offered restricted 

silage plus hay would probably have increased hay DM intake and had 

a similar total DM intake to cows offered ad tihitim silage plus hay.

The reduction in the variation of the milk yield of cows offered 

hay may have been due to a more stable fermentation pattern. It is 

however unlikely that this contributed to the increased milk yield 

of cows offered hay since this was fully accounted for in the energy 

balance by the extra energy from the hay.
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In addition variation in forage DM intake tended to be less 

for cows offered restricted silage plus hay compared with ad Ithitym 

silage, but it is not known to what extent variation in feed intake 

affects milk production.

6.4.2 Restricting silage DM intake

Restricting the silage DM intake to 62% of ad t'ih'ttion intake
- 1reduced total ME intake by 25 MJ day (15%) and changed the 

concentrate:forage ratio from 50:50 (treatment A) to 62:38 (treatment 

R). The absence of a Reduction in milk yield and the large loss 

of live weight in treatment R suggests that during a period of 

underfeeding cows are initially able to maintain milk yields by 

mobilizing body fat. If the experiment had been one of continuous 

design it is likely that milk yield would have been reduced.

The rate of milk yield decline of cows offered restricted silage

was increasing through the period, and if this decline was continued

for a fourth week the difference in milk yield between treatments A

and R would have been the same as that obtained by Rook and Line

(1951) for a similar reduction in energy intake over a 28 day period 
-1(0,7 kg day ), Other short-term underfeeding experiments have 

shown that the depression in milk yield increases with time (compare 

Gordon and Forbes, 1970; 1971; Broster, 1972).

Cows offered restricted silage tended to have a reduced yield of 

milk fat. If the crude fibre contents of the feeds are estimated 

as 360, 290 and 50 g kg DM for silage, hay and concentrates 

(MAPF et aZf 1975) then the crude fibre contents of the diets in
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-1treatments A, Ah, R and Rh were 206, 203, 169 and 192 g kg DM 

respectively. Cows in treatment R, therefore, probably received 

insufficient fibre to maintain maximum milk fat production (Ekern, 

1972).

The restriction of energy intake for cows in treatment R reduced
“1the milk protein content by 1.3 g kg . From the survey of under

feeding experiments by Rook and Line (1961) a reduction of 1.9 g kg  ̂

would be expected from these feeding levels, and it is likely that 

the decline in protein content would have increased over a longer 

period (Gordon and Forbes, 1971).

6.4.3 The sec^uence of response to underfeeding and offering hay

6.4.3.1 Underfeeding

In this experiment, where cows had a reasonable level of body
I

fat reserves (condition score 2.4) , restricting the silage ration 

initially caused loss of live weight. It is unlikely that the 

measurement of this was influenced by the level of gut contents 

since one week was allowed for adjustment, and also the correlation 

of ME input and output was high, suggesting that the liveweight 

change was accurate.

The depression in milk protein content increased from 0.5 g kg”^
-1after 5 days to 1.3 g kg after 20 days. The reduction in milk 

yield was slower to take effect and still was not significant after 

18 days, although the rate of decline increased in severity over 

this time.
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Continuation of the feeding treatments beyond 21 days would 

probably have resulted therefore in a greater decline in milk 

yield and milk protein content, a reduction in the rate of live 

weight loss and possibly a reduction in milk fat content (Ekern, 

1972).

6.4.3.2 Hay feeding

In the first six days offering hay increased the variation in 

forage DM intake as the cows adjusted to the new feeding pattern. 

The level of forage DM intake was still increased, however, which 

was reflected in increased milk yield and milk protein content.

By the end of the period the variation in forage DM intake 

for cows offered ad tibt-tum silage plus hay was the same as that 

for cows offered ad I'ib'Ltum silage. In addition, the increase 

in milk yield from offering hay was double that in the first six 

days. The increase in milk protein content was much smaller,

although milk protein yield was still increased.
I

6.4.4 General considerations 

Improving the feeding level by offering hay had no effect on 

liveweight change. This may be a property of increasing forage 

DM intake (which will promote a more acetate type of fermentation 

in the rumen), in contrast to extra concentrate feeding which tends 

to promote a more propionate type of fermentation in the rumen, 

and partition nutrients to liveweight gain rather than milk 

production (Ekern, 1972). An obvious similarity exists between 

this experiment and experiment 1 where offering hay at pasture
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increased forage DM intake, and the extra nutrients tended to be 

partitioned towards increased milk yield.

It is important, therefore, to maintain maximum forage intake, 

not only because forages are cheaper than concentrates, but also 

because this will ensure the maximum partition of nutrients to 

milk production.

Offering hay for 90 minutes with restricted silage compensated 

for the silage restriction but did not permit maximum forage DM 

intake. If a buffer feed was made available for a longer period, 

and the intake was increased, it is likely that there would be 

substitution of silage for the buffer feed. Maintaining the 

balance where all the silage available for the winter feeding period 

is utilized, but maximum forage DM intake is achieved through 

supplementation with a buffer feed, is likely to be easier if silage 

were preferred to the buffer feed. However, in view of the marked 

increase in milk yield obtained in this experiment and the 

relationship between forage quality and intake, it may be preferable 

if the silage is of low quality to offer a high quality forage as 

a buffer feed and restrict the intake.

This experiment al^o shows that the intake of medium-yielding 

cows of a low quality silage can be considerably restricted for 

three weeks without any loss of milk production compared with cows 

offered ad tib-itum silage.
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h further objective of offering hay with silage may be to 

increase overall farm stocking rates. By purchasing hay, which 

is a more tradeable commodity than silage, and incorporating it 

into a silage-based diet,stocking rates may be increased more 

economically than by purchasing additional concentrates. There 

may still be justification for purchasing additional concentrates 

to increase milk production cow beyond that possible from forage 

alone, but only if forage DM intake is maximized.

6.5 SUMMARY

The effects on dairy cow performance of restricting the silage 

ration in a winter feeding regime, and of offering hay as a buffer 

feed, were examined in a changeover experiment with three week 

periods,

-1Silage (8.2 MJ kg DM) was of lower quality than the hay 

(10.0 MJ kg  ̂DM). All cows received 9 kg concentrate day  ̂

throughout the experiment.

Restricting the silage ration to 62% of ad intake

resulted in only a small depression in milk yield, a reduced milk

protein content and a high loss of live weight. Offering hay for

90 min day increased total DM intake, both when silage was

available ad Z'Cb'itum and at a restricted level. When silage was

offered ad libitum the intake of silage DM was reduced by 0.67 kg 
-1kg hay DM; when silage was offered at the restricted level there 

was no substitution of silage for hay. At both levels of silage DM 

intake offering hay increased milk yield but had no effect on milk 

composition or liveweight change.
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CHAPTER 7

EXPERIMENT 5 THE EFFECT OF RESTRICTION OF SILAGE DM INTAKE 
AND THE PROVISION OF STRAW OR AMMONIA-TREATED STRAW AS A 

BUFFER FEED ON DAIRY COW PRODUCTION

7.1 INTRODUCTION

In a previous experiment (chapter 6) there was little effect on 

milk yield of restricting the intake of a low quality silage over 

three weeks, but offering good hay as a buffer feed increased milk 

yield. Intakes of the silage were low but restricting the intake 

of a good quality silage could have a greater effect.

In recent years there has been a revival of interest in straw 

utilization and in improving its nutritive value by chemical 

treatment. Initially much of this interest concentrated on sodium 

hydroxide for improving the straw, but ammonia is a safer chemical, 

and an excess of ammonia in the ruminant and its excretory products 

is less of a problem than an excess of sodium and may even be 

beneficial. In addition, the treatment of straw with aqueous 

ammonia in a polythene-covered stack offers a system of chemical 

application with little capital investment.

Previous reports have indicated that straw may be improved up to 

the value of medium quality hay (eg Sundstol et al, 1978) by this 

method and, whereas such a feed would not be ideal as the sole 

forage for dairy cows, it could be useful as a buffer feed. In 

this role it would probably only be eaten when required, in contrast 

to the hay used in experiment 4, and could therefore be offered 

ad Hhiturrim In addition it would not deteriorate rapidly, which 

would facilitate ad Hb'hturfi feeding where there is a high variation 

of DM intake from day to day.
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Apart from having potential as a buffer feed, treated straw 

also provides a means of purchasing an inexpensive feed to increase 

farm stocking rates. Benefit may also be obtained from the 

provision of an alkali feed with the acid silage, which would tend 

to neutralize the total feed intake.

It is not certain whether any benfits from the ammoniation of 

straw would offset the cost of the treatment, and this experiment, 

also examines the use of untreated straw as a buffer feed. The 

experiment therefore examines the effects of restricting a ration 

of good quality silage and of offering straw or ammonia-treated 

straw ad Ubitim as a buffer feed,

7.2 MATERIAL AND METHODS

7.2.1 Design

Twelve British Friesian cows were allocated to four treatment 

groups of a balanced changeover (Latin Square) design (appendix 12):

A ~ ad Zibiizim silage; R - restricted silage; Rs - restricted 

silage + straw and Rt - restricted silage + ammonia-treated straw.

In addition, all cows received 8 kg concentrate day ^. The 

experiment comprised four 3 week periods and ran from 10 December 1981 

to 24 February 1982.

Cows were allocated to the three blocks of the Latin Square

design so that the cows within each block were as similar as possible

in milk yield, live weight, condition score and pre—experimental

silage intake. At the start of the experiment average milk yield 
-1(kg day ), live weight (kg) and condition score of the 12 cows
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were 28.6 (range 21.7-32.9), 615 (range 565-710) and 2.3 (range 

1.8-3.0) respectively. Mean calving date was 4 November (range 

27 October-13 November).

7.2.2 Dairy cow and feed management 

Cows were group housed with access to individual feeding boxes 

fitted with Calan gates (see section 6.2.2). Before the start of 

the experiment cows were offered ad libitum silage and 8 kg 

concentrate day ^. In the final week before the start of the

experiment cows were also offered straw or ammonia-treated straw
-1 -1for 1 hour day ; mean intakes were 0.2 kg straw DM day and

-10.4 kg treated straw DM day

The restricted silage allowance was 75% of the predicted ad libitum 

silage DM intake; the latter was obtained using an equation based 

on the pre-experimental milk yield and live weight that had been 

determined from the results of experiment 4.

During the experiment silage refusals were weighed daily after 

the afternoon milking for those cows receiving silage ad libitum, 

and fresh silage rations for all the cows were then placed in the 

boxes. Straw or treated straw was offered after morning milking 

and was available until the afternoon milking when refusals were 

weighed; this was made possible since cows on the restricted silage 

ration cleared up their silage before the morning milking. Straw, 

treated straw and silage (in treatment A) were offered in sufficient 

quantities to ensure that 10-15% of the original weight was available 

as a residue. Concentrates were offered at the same level -
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8 kg freshweight day”  ̂ - to all cows throughout the experiment.

Of this 0.5 kg was fed in the parlour at each milking and the 

remaining 7 kg was offered in two equal feeds beside the relevant 

forages after morning and afternoon milking. The composition of 

the concentrate cube is given in appendix 11.

Silage was from a predominantly ryegrass (Lolium perenne) and 

white clover (Trifolium repens) sward that was harvested as 

described in section 4.2.3,

Straw was from spring barley, variety Georgia, and alternate

bales were sorted from a stack to be either fed untreated or treated

with aqueous ammonia (Hargreaves Fertilizer Ind. Ltd, York, UK).

Straw was treated on 8 October 1981, in a 150 bale stack covered with

polythene (plate 3) (Sundstol et at, 1978). Aqueous ammonia

(320 g ammonia kg  ̂water) was injected into the stack at four points

with a lance at an application rate of 100 1 tonne  ̂ straw (39 g 
-1ammonia kg straw DM). The stack was then sealed at the points 

of injection with adhesive tape. The stack Was uncovered after 

42 days and allowed to ventilate for 24 hours before chopping the 

treated straw with a precision-chop forage harvester. Bales in 

the bottom layer of the stack that had been standing in the aqueous 

solution were discarded. Untreated straw was chopped at the same 

time and both straws were stored in a polythene-covered silo until 

required for feeding.

Water was freely available to all cows in the feeding area.

Cows were milked twice daily at 06.30 h and 16.30 h.
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7.2.3 Dairy cow and feed measurements

Milk yields were recorded at each milking during the last six 

days of each period, and aliquot samples of milk were taken at each 

milking in the last three days of each period. Milk samples were 

analysed for fat, protein and lactose content as in section 6.2.3. 

Live weight was recorded on six days in the last 15 days of each 

period and liveweight change was calculated by regression.

Silage and concentrate samples were taken once a week for the 

determination of chemical composition. Straw and treated straw 

were sampled weekly and subsampled once in each period for the 

determination of chemical composition. An oven DM determination 

of silage, straw and treated straw was performed daily for the 

calculation of DM intake. ME and RDP/UDP calculations are 

detailed in section 6.2.3.

7.2.4 Statistical analysis

The significance of treatment differences and residual effects 

was examined as in section 6.2.4. The health of all animals was 

satisfactory and there were no missing plots.

7.3 RESULTS

7.3.1 Feed composition

Silage was of good quality with an acetic type of fermentation ; 

both the energy and crude protein content were high (table 7.1) .

Straw was of low energy content for spring barley straw and in 

addition the crude protein and mineral contents were low. Treating
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the straw with aqueous ammonia only increased the ME content by

1,8 MJ kg”  ̂DM but increased the crude protein content by 43 g kg  ̂DM,

although it is doubtful whether the latter was of value as it would

have been in the non-protein-nitrogen content of the straw (Gordon

and Chesson, 1983). The addition of aqueous ammonia to the straw
-1depressed the DM content by 46 g kg and there was evidence of 

considerable variation in the distribution of the chemical within 

the straw. When stored in the silo and covered with polythene 

about 30% of the surface of the treated straw developed a white 

mould (Aspergillus candidus), probably due to condensation under 

the polythene.

7.3,2 Feed intake 

Restricting the silage ration reduced DM intake by 4.5 kg DM 

to 58% of ad libitum intake (treatment R compared with treatment A, 

table 7.2). This was a greater restriction than expected because 

the higher quality of the silage in this experiment compared with 

experiment 4 (whose results were used to predict ad libitum silage 

intakes) increased the ad libitum intakes,

1
Straw DM intakes were low relative to the restriction of silage 

and only partially restored forage DM intakes. Treating the 

straw tended to increase intake but forage DM intake was still 

depressed relative to ad libitum silage. There was no substitution 

of straw or treated straw for silage.
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7.3.3 Animal production 

Milk yield was significantly reduced by restricting the silage 

(table7.3)and tended to be slightly increased by offering straw or 

treated straw. There were no significant effects on milk fat 

content although it tended to be higher for cows in treatment R.

Milk protein and lactose content were reduced by restricting the 

silage ration but were partially restored by offering straw or 

treated straw. There were no significant treatment differences 

in milk fat yield but milk protein and lactose yields were reduced 

by restricting the silage ration.

Cows in treatment A had a high rate of liveweight gain but cows 

in treatment R lost live weight. Offering treated straw, and to 

a lesser extent straw, increased liveweight gain relative to 

treatment R.

7.3.4 Nutrient intake and output 

ME intake and output were reduced by restricting the silage 

(table 7.4)and' partially restored by offering straw and treated 

straw as a buffer feed. Treated straw was superior to straw in 

increasing ME intakes and output. ME intakes were substantially 

less than ME outputs, but there were no significant treatment 

differences in the ratio of ME inputzoutput (P>0.05).

The intake of RDP was in excess of requirements but the intake 

of UDP may have been limiting.
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' .tlO' r4 • «H g
■S pb  tn IdP  0)

Pi

03
m O'

'O Ü CN O'
5j* 00 1 CO 1 CNin O' 03 O' m

in in
00 CN

tn tn (Ü Id •H ?

50 CO00 CNo oId Id mCN CO 1 VO 1 Oo CN 03 VD 03CN CN m 50 CO50 03CN

4 - p

>1
1>i ' >1

Id Id Id Id p
Td b td td

g
tn 3

0) P 0)
(U P X P X

P ro A Id
ra A p P P
P P p P G
G P •H 0 •P

•H 0
P4 ft. P h
D a Q

S S H Pi D

>1
b
tn

PI§
td



200

7.3.5 Variation in feed intake and milk yield 

The coefficient of variation of straw and treated straw DM intake 

over the last six days of each period was high (table 7.5). The 

variation in forage DM intake was reduced by restricting the silage 

ration, in particular where straw or treated straw were offered as 

a buffer feed. Significant residual effects indicated that this 

difference might have been greater in a continuous experiment 

(appendix 16).

There was no significant difference in milk yield variation, 

although it tended to be higher in treatment R.

7.3.6 Residual effects 

There were no significant residual effects apart from those 

referred to in section 7.3.5 in the variation of forage DM intake.

7.4 DISCUSSION

7.4.1 Restricting the silage ration

Restricting the silage ration by 46 MJ of ME day~^ (4.5 kg DM) 

resulted in a decline in milk yield of over 2 kg day ^. This is 

equivalent to 0.049 kg milk MJ  ̂ME, which is considerably less 

than the predicted response of Broster and Alderman (1977) for cows 

of this yield level of 0.17 kg milk MJ  ̂ME. The discrepancy 

probably arises from the large difference in the liveweight change 

of cows fed ad tibitum and restricted silage. In experiment 4 

there was little effect on milk yield when the silage intake was 

reduced by 25 MJ of ME day"^ (3.0 kg DM) but, in addition to the
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restriction being greater in this experiment than in experiment 4, 

the cows were also higher yielding and would therefore have a 

greater response in milk yield (Broster, 1980),

The absence of any significant effects on milk fat content, 

when other workers have reported a decline when the forage content 

of the diet is reduced (Ekern, 1972; Mahanna, 1980), may be due 

to the fact that, in certain circumstances, changes in milk fat 

content can take up to three weeks to complete (Storry and Sutton, 

1969). The specific effect of underfeeding in depressing milk 

protein content is demonstrated in this experiment, and the 

depression in milk lactose content shows that this response is 

found in early-mid lactation, although it is more prevalent in 

late lactation (Dawson ^nd Rook, 1972).

The high rate of liveweight gain for cows offered ad Ubitum 

silage was unusual for cows in this early/mid stage of lactation 

and may to some extent represent a compensation for undernutrition 

(and loss of live weight) in previous periods. The absence of 

significant residual effects may be explained by the small number 

of animals in this experiment.

7.4.2 Straw treatment 
-1Increases of 140-160 g kg DM digestibility are common with 

ammonia-treatment of straw (Sundstpl et al, 1978) but only 

70 g kg DM was achieved in this experiment. Abidin and Kempton 

(1981) reported increases in DM digestibility of only 80 g kg~^ DM 

and Sundstjal et al (1978) found the response to ammoniation variable,
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It has also been found that improvements in the digestibility of straw 

may be overestimated by in vitro measurement (Owen, 1981; Rissai-xen 

and Kossila, 1977), and even in vivo measurements with sheep at the 

maintenance level may not accurately reflect the value for a high- 

yielding dairy cow.

The ME value of untreated straw (5.8 MJ kg DM) was less than 

the value normally attributed to spring barley straw (7.3 MJ kg DM; 

MAFF et at, 1975). A similar observation has been made by Luwlor 

and O'Shea (1979), which suggests that the accepted value is too high.

The most likely reason for the low response in digestibility to 

ammoniation is the combination of a low temperature (mean minimum and 

maximum ambient temperatures during the treatment period were 2,9 

and 11.l°crespectively) and a relatively short treatment time (42 days). 

The combined effect of low temperature and short treatment time is 

more critical for aqueous than anhydrous ammonia since the latter 

increases temperature in the straw after application quite considerably 

(Kiangi et at, 1981). Optimal treatment length at various temperatures 

has been extensively investigated and the results reviewed by 

Borhami and Sundstol (1982); these varied considerably and were 

influenced by the moisture content of the straw and the level of 

ammonia applied.

The existence of mould in the treated straw suggests that the 

level of ammonia application was insufficient to have a fungicidal 

activity, and a higher ammonia concentration could have resulted in 

a greater increase in digestibility. Other factors that could have
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affected the response to ammoniation include straw variety and 

moisture content (Horn et al, 1983) and the method of distribution 

of aqueous ammonia within the stack.

“1The increase in crude protein content of the straw (43 g kg DM)
-1was less than the mean value of 50-60 g kg DM quoted by Sundst0l 

et al (1978) but similar to the value of 45 g kg  ̂DM quoted by 

Lawlor and O'Shea (1979).

7.4.3 The effect of straw or treated straw on animal production

The increase in straw DM intake as a result of ammoniation of 

the straw (20%) was less than most other reported values, which 

range from 32% (Coxworth et al, 1976) to 70% (Lawlor and O'Shea, 

1979) for beef cattle but have reported as low as 13-16% with 

dairy cattle (Sundstpl et al, 1978; Rissanen and Kossila, 1977).

Offering straw or treated straw as a supplement to a restricted

ration of silage had little benefit in terms of milk yield but

increased milk protein and lactose content. With smaller

restrictions of silage DM intake straw is unlikely to be of value

as its indigestible nature will reduce rumen volume and may

further restrict silage DM intake. This is particularly important

in early lactation (Frank, 1982), when rumen volume is most
I

restricting, although it was found in the pre-experimental period 

that cows offered ad libitum or slightly restricted silage rations 

have very low intakes of straw anyway.
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Most of the benefit of straw and treated-straw was partitioned

towards liveweight change and Nielson (1961) also concluded on the

basis of short-term experiments that the inclusion of straw in

dairy cow rations increases live weight. In long-term experiments,

however, this increase has not been observed (Frank, 1982), and some

of the increase in live weight in this experiment and that of

Nielsen (1961) may have been due to an increase in gut contents

(Wilkinson and Santillana, 1978). This is supported in this

experiment by the fact that it is unlikely that cows in early-mid

lactation would partition almost all the extra energy intake to

live Weight when milk yield was substantially reduced. The ME

content of the straw and treated straw may therefore have been

overestimated; Frank (1982) found that the actual value of straw

when compared with hay as a silage supplement was 2.0 MJ ME kg  ̂DM
-1less than the predicted value of 6.9 MJ ME kg DM.

It is unlikely that the increase in the non-protein-nitrogen 

content of the straw by ammoniation was beneficial to the cows 

since levels of RDP intake were considerably in excess of requirements, 

In addition there appears to have been little benefit of the high pH 

of ammonia-treated straw (usually pH 8-9; Owen, 1981) as a buffer 

to siiage of a relatively low pH, Terry et al (1975) found that 

calves offered a neutral mixture of silage and alkali-treated straw 

had a higher DM intake than calves offered just silage or the two 

feeds unmixed. Mixing the silage and straw in this experiment could 

have improved DM intake, although the benefits of neutralizing silage 

with alkali-treated straw may be a palatability effect confined to 

calves rather than dairy cows.
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In addition to intakes of straw and treated straw being too low 

to restore forage DM intakes to the ad libitum level, the coefficient 

of variation of daily straw DM intakes was high. Consequently 

amounts considerably in excess of mean daily intake must be fed to 

ensure ad libitum intake every day, and on a farm scale this would 

hinder the feeding of straw in a feeding passage after one day's 

silage ration has been cleared up and before the next is offered. 

Alternative possibilities for feeding straw or treated straw include 

incorporation into a complete diet mix, division of the feeding 

passage for different feeds or the provision of the feed in a hopper, 

rack or circular big bale feeder.

7.4.4 Energy balance 

ME intake was consistently about 30 MJ day less than ME output, 

with no significant difference between treatments. The reason for 

this is not clear - errors in experimental measurements could not 

account for such a large difference and errors in the assumptions of 

the energy calculations must be responsible. The most likely source 

of inaccuracy is in the energy value of liveweight change (Alderman 

et al, 1982; Baker, 1982).

7.5 SUMMARY

The effect on dairy cow performance of restricting the silage 

ration, and of offering straw or ammonia-treated straw as a buffer 

feed, were examined in a changeover experiment with three week periods
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Silage was of good quality and in addition all cows received 

8 kg concentrates day” .̂ Spring barley straw was treated in a
-1polythene-covered stack for 42 days with aqueous ammonia (39 g kg

straw DM), which resulted in an increase in straw digestibility 
-1of 40 g kg DM.

Restricting the silage ration to 58% of ad 'li-h'iizim reduced milk 

yield and milk protein and lactose content, and cows in this 

treatment lost live weight whereas those offered ad libitum silage 

had a high rate of liveweight gain.

Offering straw or treated straw with restricted silage partially 

restored forage DM intake to ad libitum levels and there was no 

substitution of silage for straw. However milk yield was only 

slightly increased and the depression in milk protein and lactose 

content was partially restored when straw or treated straw were 

offered. Most of the extra energy intake from the straw and treated 

straw was partitioned towards increased live weight. Ammoniation 

increased straw DM intake by 20% and tended to slightly increase the 

benefits of improved animal production when untreated straw was 

offered.
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CHAPTER 8

EXPERIMENT 6 THE EFFECT OF RESTRICTION OF SILAGE DM INTAKE AND THE 
PROVISION OF 5TRAWMIX AS A BUFFER FEED ON DAIRY COW PRODUCTION

8,1 INTRODUCTION

Restricting the silage ration over three weeks has been shown to 

result in a rapid decline in live weight (experiments 4 and 5),which 

probably could not be sustained for long periods of time. A longer 

restriction is unlikely to be as severe as previously investigated 

but could penalize heifers more than cows where both feed together.

The benefits of offering hay as a buffer feed were demonstrated 

in experiment 4 but straw has the advantage of low cost and the 

potential to increase farm stocking rates. However, the economic 

advantages of including straw in the diet of dairy cows will not be 

realized unless the straw can be increased in nutritional value to 

obtain adequate intakes by dairy cows. Formulation of a strawmix 

with supplements of molasses, barley, soyabean meal etc. to improve 

the nutritional value gives the farmer control of the quality and 

cost of a buffer feed. This flexibility may be utilized to 

incorporate inexpensive byproducts when available and to modify 

the formulation to suit dietary requirements.

!

This experiment therefore examines the effect on cows and 

heifers of a seven week restriction of silage DM intake to 

approximately 85% of ad libitim and of offering a nutritionally- 

formulated strawmix ad libitum as a buffer feed.
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8.2 MATERIAL AND METHODS

8.2.1 Design

Twenty-four British Friesian cows and 24 British Friesian heifers 
to

were^allocated the three treatment groups of a continuous design:

A - ad Hhitum silage, R - restricted silage and RS - restricted silage
-1+ strawmix. In addition all cows received 9 kg concentrate day 

Although the experiment was originally intended to run for eighteen 

weeks only the results for the first seven weeks (1 December 1982 - 

19 January 1983) are given because concentrate allowances after 

this period were inaccurate.

Cows were allocated to trios on the basis of milk yield, live 

weight, condition score and the number of days calved, and within 

trios were allocated to treatments A, R and RS so as to obtain three 

balanced treatment groups (appendix 17).

8.2.2 Dairy cow and feed management 

Cows were group housed in a cubicle house with access to a 

feeding passage. Water was freely available to all cows. Cows 

were milked at 06.30 h and 15.00 h.

Silage was from first-cut swards containing a high proportion 

of perennial ryegrass (Lolium perenne), Italian ryegrass (Lolium 

multiflorum) and white clover (Trifolium repens) and was harvested 

as described in section 4.2.3. It was offered daily after morning 

milking from a forage box with automatic weight recording.

Refusals (in treatment A at least 5% of the amount offered) were
I

weighed back twice weekly. The restricted silage ration was
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calculated as 85% of the silage intake of cows in treatment A and 

was adjusted twice weekly according to intakes in the previous week.

The strawmix contained, as a percentage of the freshweight,

60% straw, 15% soyabean meal, 13% molasses, 10% rolled barley 

and 2% of a general purpose mineral and vitamin supplement. Straw 

was from winter barley (variety Igri) and was chopped with a precision- 

chop forage harvester prior to mixing. The strawmix was mixed daily 

with a shovel with the addition of 160 g hot water kg strawmix to 

facilitate incorporation of the molasses. It was offered between 

16.00 h and 09,00 h in a feeding trough that occupied one quarter of 

the length of the feeding passage of cows in treatment RS (figure 

8.1), Refusals (at least 10% of the amount offered) were weighed 

back daily.

10 8

Figure 8.1 Feeding barrier for cows offered restricted silage 
+ strawmix (distances in metres).

Concentrates were offered at the same level - 9 kg freshweight

day — to all cows throughout the experiment. Of this,5 kg cow”  ̂day ̂

was fed in the parlour in two equal feeds, the remaining 4 kg cow ^
-1day was placed on top of the silage in two equal feeds at 10.00 h

I
and 21.00 h. The composition of the concentrate cube is given in 

appendix 11.
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Between calving and the start of the experiment cows were 

offered ad li-h-ttun silage and 9 kg concentrate day ^, In 

addition for eight days prior to the start of the experiment 

a variety of strawmix formulations were offered to 16 of the 

highest yielding cows to find a feed that was of reasonable 

quality but was not preferred to silage.

After the seven weeks of the experiment cows remained on their 

respective treatments for a further 11 weeks, but inaccuracies in 

the concentrate allocation in weeks 8 and 9 prevented the results 

from being used. After this period all cows received ad t'Lhïtum 

silage and 9 kg concentrate day  ̂ for 12 days before turnout,

8,2.3 Dairy cow and feed measurements

Milk yields and fat, protein and lactose content of the milk 

were measured weekly as in section 3,2,2. Live weight was 

recorded at the start of the experiment and once every week 

in weeks 4-7 inclusive; liveweight change was calculated by 

regression of these weights. Condition score was recorded 

every fortnight and condition score change calculated by regression.

Silage, concentrate and strawmix samples were analysed weekly 

for chemical composition. An oven DM determination of silage and 

strawmix samples was performed daily for the calculation of DM 

intakes. In V'Ltro digestibilities of the feeds, and energy and 

protein intake and output were calculated as in section 5.2,3,
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Individual silage DM intakes were calculated by predicting 

individual ME intakes from animal production (MAFF et at, 1975), 

subtracting the ME from concentrate and strawmix (where applicable) 

and correcting the derived silage DM intake for the difference 

between the derived group mean silage DM intake and the observed 

group mean silage DM intake. Individual strawmix DM intakes were 

calculated from individual feeding times, adjusted for differences 

in the rate of eating ME from strawmix and silage.

On two occasions records were made of which cows were feeding 

by a team of observers at 5 minute intervals over 24 hours. Straw 

feeding was also recorded by a video-camera (Hitachi FP71) on ten 

occasions and straw-feeding times determined by recording which 

cows were feeding at 4 minute intervals during an accelerated replay.

8.2.4 Statistical analysis

The significance of the treatment differences was examined by 

two factor factorial analysis (Steel and Torrie, 1960), using 

treatment and parity (cow or heifer) as factors. Differences 

between individual treatment means were tested by Student's *'t" 

test,and significant differences (P<0.05) are indicated by 

different superscripts.

Missing plots were used for the liveweight change of one cow 

and the silage feeding times of two cows because of lameness.
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8.3 RESULTS 

8.3.1 Feed composition

-1Silage was of good quality with an ME content of 10.3 MJ kg DM
I

and a low ammonia-nitrogen content (table 8.1). Strawmix had a 

similar energy content to moderate quality hay but a higher crude 

protein content (MAFF et atf 1975); both the energy and protein 

content were less than that of the silage.

8.3.2 Feed intake 

Restricting the silage ration reduced silage DM intake by

1.2 kg to 86% of ad t'tb'itum (table 8.2). This restriction tended 

to be greater for the heifers than the cows although the treatment: 

parity interaction was not significant. Offering strawmix restored 

forage and total DM intakes to ad tibitum levels,and the substitution 

rate of silage DM for strawmix DM at the restricted level of silage 

intake was only 0.07. Cows tended to have a greater intake of 

strawmix than heifers,

8.3.3 Feeding behaviour 

The time spent eating silage was reduced by restricting the 

silage allowance, particularly in treatment R (table 8.3).There were no 

significant effects on rate of silage DM intake although this 

tended to be higher for heifers in treatment R. Overall heifers 

had significantly lower rates of silage DM intake than cows but 

similar silage feeding times.

Heifers tended to spend longer eating strawmix than cows but had 

a significantly lower rate of DM intake. Strawmix was eaten at a 

slightly slower rate of DM intake than silage.



Table 8.1 Chemical composition of the feeds (g kg  ̂DM 
unless otherwise stated)
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-1Dry matter (g kg )

ME (MJ kg"^ DM)

Organic matter 

Crude protein 

In vitro digestibility 

Calcium 

Phosphorus 

Magnesium 

Ammonia nitrogen (g kg * total N) 

pH (units)

1

Silage

209

10.3

904

140

644

5.5

3.2

2.3 

86

3.9

Strawmix

704

8.2

912

115

514

8.5

3.3

2.0

Concentrate

863

12.9

912

197

759

11.2

7.6
5.2
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The distribution of feeding times through the day is shown 

in figure 8.1. Cows offered restricted silage consumed most of 

the silage by early evening,whereas cows receiving silage 

ad libi-tum distributed silage feeding time fairly evenly from 

morning milking until midnight. Cows offered restricted silage 

and strawmix consumed most of their silage by midnight and ate 

most of the strawmix between 20,00 h and 01,00 h,

8.3,4 Animal production

Milk yield was not significantly affected by restricting the 

silage but tended to be increased by offering the strawmix 

(table 8,4), Cows offered restricted silage tended to have a 

lower milk fat and protein content than cows offered ad Z'ibitum 

silage. Offering strawmix tended to increase milk protein 

content and slightly increase milk fat content. Both milk fat 

and protein yield tended to be reduced by restricting the silage 

ration but were restored by offering strawmix.

Restricting the silage reduced liveweight change and condition 

score change, with no apparent benefit from offering strawmix,( tableS.S )

8.3.5 Nutrient intake and output

Intake of ME was reduced by 12 MJ day  ̂by restricting the silage
I

(table 8.6) ■ but this was restored by offering strawmix as a 

buffer feed. ME output was reduced by 19 MJ day  ̂by restricting 

the silage ration but was only partially restored by offering 

strawmix. ME output closely agreed with ME intake for cows 

offered ad libitum silage but for cows in treatments R and RS 

output tended to be lower than intake.
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There was an adequate supply of rumen-degradable protein in all 

treatments, but undegradable protein may have been limiting depending 

upon the precise degradabilities of the feeds,

8,3,6. Effect of transition from restricted to ad libitum silage

For twelve days prior to turnout all cows were offered ad libitum
-1silage and 9 kg concentrates day , Before this all cows had been 

on experimental treatment for IB weeks (although some inaccuracies 

occurred in the concentrate allowance in weeks 8 and 9).

Obws that had been in treatment R greatly increased silage DM 

intake on the first day of being offered ad libitum silage (table 

8.7) and continued to have a higher silage DM intake than cows that 

had been in treatment A for the remainder of the twelve days.

Cows that had been in treatment RS only slightly overcompensated 

when returned to ad libitum silage feeding.

8.4 DISCUSSION

8.4.1 Restricting the silage ration 

Restricting the silage ration caused a total restriction of 

588 MJ (12 MJ day  ̂ for 49 days). This had a similar effect to 

an earlier experiment (experiment 4) where the total restriction 

was 525 MJ - milk yield was not affected but liveweight change 

was reduced and there was a tendency towards a reduced milk fat 

and protein content. Total reduction of liveweight change was
-1 -I20 kg cow in this experiment and 24 kg cow in experiment 4.

In experiment 5 the total restriction was 966 MJ and this caused

a reduction in milk yield of over 2 kg cow”  ̂day”  ̂and in liveweight
-1change of 28 kg cow
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Table 8.7 Ad tibitum silage DM intake (kg day S  
during realimentation

Period A R RS

Last week on experiment 7.9 6.6 6.6

Day 1 of ad libitum silage 7.9 12.4 8.1

Days 2-12 of ad libitum silage 7.7 8.9 7.9
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In this series of experiments, therefore, cows were able to 

endure a restriction of up to 525 MJ by reducing liveweight change, 

whereas a restriction of approximately 1000 MJ also caused a reduction 

in milk yield. Mean initial condition scores were between 2.1 

and 2.4 in all three experiments, and it is likely that if these had 

been higher a greater loss of live weight could have been sustained.

Land and Leaver (1981) and Neilson et al (1983) have demonstrated

that cows in higher condition score at calving will mobilize more

body fat in early lactation,when nutrient intake is usually too

low to sustain the potential milk production without loss of live weight,

It is likely that the yield level of the cow will affect the 

response to silage restriction, although this may be confounded by

a low level of body condition in cows producing high milk yields.
I

Broster (1972) has estimated that the response in milk yield is
-1increased by 0,05 kg milk MJ ME for a 10 kg increase in initial 

milk yield. Heifers, however, may be an exception to this - in 

this experiment heifers offered restricted silage tended to have a 

lower milk yield and had less reduction in liveweight change than 

cows. Conceivably heifers may retain energy for growth at the 

expense of milk production.

The depression in milk fat content in treatment R agrees with 

the observations of Ekern (1972) and Mahanna (1980) that milk fat 

content is depressed when the forage content of the diet is reduced.

This is most likely to be an effect of the change in crude fibre 

intake; if the crude fibre contents of the silage, strawmix and 

concentrates are estimated as 300, 403 and 50 g Crude fibre kg~^ DM



225

(MAFF et at, 1975), then the crude fibre contents of the diets in
-1treatments A, R and RS were 181, 172 and 193 g kg DM respectively. 

In addition, as total DM intake was also reduced in treatment R, the 

intake of crude fibre was reduced by an even greater proportion.

The effect of realimentation of cows that had been offered 

restricted silage demonstrates the ability of cows to eat up to 

150% of ad libitum in the first day of ad libitum silage feeding 

after a restriction. This initial increase probably represents 

filling the rumen volume but the continued high intakes of these 

cows confirms that thinner cows have a higher voluntary feed intake 

than fat cows (Bines, 1976).

8.4.2 Offering strawmix as a buffer feed 

In contrast to experiment 5, where straw and treated straw were 

of little value in restoring milk production when this was reduced 

by restricting the silage ration, in this experiment strawmix 

rectified the depression in milk protein and fat yield that occurred 

as a result of silage restriction. The increase in the protein 

content of the milk occurred as a result of the extra energy from 

strawmix, whereas the increase in milk fat content probably occurred
I

as a result of the higher crude fibre content of the diet. Strawmix 

was of no benefit in rectifying the reduction in liveweight and 

condition score change caused by silage restriction. Loss of 

liveweight may however have been overestimated for cows offered 

restricted silage, because the initial live weight was included in 

the regression as the cows could not be weighed in weeks 1-3, and 

therefore any decline in gut contents was not allowed for.
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The formulation arrived at for the strawmix produced a feed that 

was eaten in sufficient quantities to rectify the silage restriction 

but was not eaten in preference to the silage. This is in contrast 

to the straw and treated straw used in experiment 5, which was not 

eaten in sufficient quantities to restore forage DM intake even 

though the predicted energy content of the treated straw was similar 

to that of the strawmix. The mean coefficient of variation of 

strawmix DM intake over each week was 20.3%, which is less than for 

straw or treated straw in experiment 5 but the same as for hay in 

experiment 4.

In the pre-experimental trial of different strawmix formulations

the incorporation of molasses appeared to increase the palatability

of the mix as well as being useful as a binding agent. The keeping

life of the strawmix was only about one week which necessitates

regular mixing. This may either be done with a complete diet feeder

or a purpose built system. The latter incorporates a straw chopper

and blower, an insulated molasses tank with heater, feed bins with a

proportioner and a cyclone and mixing unit (Butler, 1981). The 
-1cost tonne is likely to be higher than for treated straw but the 

product is of higher nutritional value and the ingredients can be 

varied according to dietary requirements and relative costs.

8.4.3 Differences between cows and heifers 

In this experiment heifers suffered a greater restriction than 

the cows - mean restriction in treatments R and RS was 79% of 

ad lihitim for heifers compared with 90% of ad libitum for the cows. 

This was probably due to the lower rate of silage DM intake of the
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heifers as there was little evidence of heifers being prevented 

from feeding by the cows. Some evidence of heifers being bullied 

was apparent at the strawmix feeding trough but, as they were 

able to feed later in the night when the trough was not occupied, 

the heifers had similar feeding times to the cows.

The lower rate of silage and strawmix DM intake of heifers but

similar or slightly higher feeding times to cows is similar to

results obtained in experiment 2 with a herbage-based diet.

Restricting the silage ration tended to cause heifers to increase

silage DM intake rate but not the cows, suggesting that silage

feeding rate can be modified in response to a restriction.

Leaver and Yarrow (1977) found that the rate of eating maize
-1silage was increased by 6-13 g OM min by restricting DM intake 

to 93-96% of ad libitum, and Reynolds and Campling (1981) found 

that where silage availability and feeding space are restricted 

the silage DM intake is related to dominance.

In this experiment the rate of silage DM intake was positively 

correlated with live weight (x) by the following equations:

Cows : y = 0.077x (r = 0.55**) equation 10

Heifers: y = 0.059x (r = 0.41*) equation 11

Overall: y = 0.067x (r = 0.63***) equation 12

Burt (1957) has also reported that cows eat faster relative to 

live weight than heifers, which suggests a late development of the 

muscles associated with eating or the buccal area.
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8.5 SUMMARY

The effect on dairy cow performance and feeding behaviour of

restricting the silage ration in a winter-feeding regime, and of

offering strawmix as a buffer feed, were examined in a seven week

experiment of continuous design. The strawmix contained, as a

percentage of the freshweight, 60% straw, 15% soyabean meal,

13% molasses, 10% rolled barley and 2% minerals/vitamins. Silage
-1(10,3 MJ kg DM) was of higher quality than the strawmix

-1 -1 (8.2 MJ kg DM), All cows received 9 kg concentrate day

throughout the experiment.

Restricting the silage ration to 86% of ad tibitum had no effect 

on milk yield but reduced liveweight change and tended to depress 

milk fat and protein content. In addition, feeding time was reduced 

and the rate of silage DM intake tended to be increased. Heifers 

(group-fed with cows in a 50:50 ratio) suffered a slightly greater 

restriction than cows.

When strawmix was offered ad libitum with restricted silage, 

forage DM and ME intakes were restored to the levels of ad libitum 

silage and there was very little substitution of silage for strawmix. 

Offering strawmix restored milk fat and protein yields but had no 

effect on liveweight change.
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CHAPTER 9
!

GENERAL DISCUSSION

9.1 BUFFER FEEDS WITH GRAZED HERBAGE

In this series of experiments offering a buffer feed in the 

grazing season usually increased animal production, though not 

always for the same reason. Possible restrictions of nutrient 

intake from herbage, and means of buffering these limitations, 

are shown in figure 9.1.

One of the most important uses of a buffer feed in the grazing 

season was to increase production when herbage intake declined to 

a low level during inclement weather. Further work is needed to 

elucidate the reason for the low herbage DM intakes, although low 

bite size (g DM) may be implicated (experiment 3).

A second benefit was obtained from offering a buffer feed at 

low herbage heights. The critical herbage height is likely to vary 

with the yield level of the cows and stage of the grazing season but 

a height of 6 cm has been suggested for continuously-grazed swards 

(Le Du and Hutchinson, 1982). A decline in herbage height reduces 

bite size and increases grazing time and biting rate (experiments 2 

and 3). These changes are apparent before herbage DM intake is 

depressed (experiment 2) and represent the ability of the cow to 

buffer changes in herbage availability by modifying grazing behaviour 

(figure 9.2). Similar changes may be brought about by an increase 

in herbage dead matter content as occurs over the course of the 

grazing season. This effectively raises the grazed horizon (Barthram, 

1981) and increases the effects of a declining herbage height.
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No adaptation necessary.

Grazing behaviour adapts - bite size is reduced 
but grazing time and biting rate are increased 
to compensate . No effect on herbage DM intake.

Grazing behaviour adapts as above 
but herbage DM intake declines .

No further adaption in grazing 
behaviour possible - herbage 
DM intake declines rapidly .

Figure 9.2 Effect of declining herbage height on
grazing behaviour and herbage DM intake
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Benefit was greatest when a buffer feed was offered to high- 

yielding, spring-calving cows. Cows are reluctant to graze for 

more than 8-9 hours day~^ (Leaver, 1981), and unrestricted grazed 

herbage will therefore only support dairy cow maintenance and the
-Iproduction of 20-25 kg milk day . By offering a buffer feed that 

is consumed at between two and four times the rate of grazed 

herbage (table 9.1) total DM intake and milk yield are increased.

Table 9.1 Rate of DM intake of herbage and buffer feeds in
experiment 1-3

Experiment 1 
Experiment 2 
Experiment 3

HERBAGE
Period

Whole season
Spring
Autumn

Rate of DM^intake 
(g day )

23
26
18

BUFFER FEED 
Type Rate of DM intake 

(g day )

Hay 50
Silage 63
Silage 70

A further benefit of offering a buffer feed with spring herbage 

is the increase in milk fat production. Spring herbage is critically 

short of fibre due to its immature stage of growth and, if a 

reasonable quantity of conserved herbage is included in the diet, 

the crude fibre content of the diet is increased. This results in 

a higher proportion of acetate to propionate in the rumen which 

favours milk fat productipn. It is not certain whether these benefits 

are obtainable in the second half of the grazing season, when the 

herbage is more mature, or whether the increase in milk fat production 

when silage was offered in experiment 3 was due to increased energy 

intake, or a specific property of silage compared with herbage.

The optimum fibre content of the diet is hard to determine (Van

Soest, 1982), but theoretically maximum milk fat production cow
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is obtained from feeds that have both a high digestibility and 

adequate crude fibre content. Such feeds would produce both a 

high ratio of acetate to propionate and a high total VFA

production in the rumen.

Silage offered as a buffer feed will probably increase milk

fat production more than additional herbage because of its higher
-Icrude fibre content. In addition, silage produces more UME ha 

due to its more rapid growth rate at a higher Leaf Area Index than 

continuously-grazed herbage. In experiments 2 and 3 (with 

appropriate estimation for grazing between the two experiments) it 

can be calculated that the output of UME in 1982 was 105 GJ ha ^. 

Potential increases with silage offered as a buffer feed are shown 

in table 9.2.

-1Table 9.2 Potential increases in UME (GJ ha ) from offering silage 
with grazed herbage

1 % increase in UME from silage
UME (GJ ha ) from compared with herbage

10 20

Grazing only 105 105
Grazing + silage after
morning milking 

Grazing + ad tibdtum 
silage overnight

107 109

110 116

When high quality silage is offered overnight in autumn the 

desire for herbage might not be sufficient to maintain a short, 

leafy sward. However, UME production at this time is low - less 

than one fifth of the total UME output is achieved in the last 

third of the grazing season (experiments 1 and 3) - and any
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reduction in UME output from pasture is therefore small.

Offering silage overnight is a buffer feeding policy that could 

be preferred due to increased milk fat production in early season 

and the ability to maintain high total DM intakes, particularly in 

late season. In addition, cows do not have to be collected from 

the fields before morning milking, and only about one third of the 

faeces is deposited on the pasture, thus creating the opportunity 

for the remainder to be efficiently utilized. If cows are milked 

three times a day offering the buffer feed between the last milking 

at night and the morning milking will permit maximum buffer feed 

intake without restricting grazing time.

In a system where silage is offered overnight grassland could be 

divided into two separate areas - grazed and conserved - which would 

permit the use of species/varieties most suited to these harvesting 

methods eg the conserved area could have a high proportion of clover 

in the sward. This is possible because in experiments 2 and 3 the 

seasonal change in herbage DM intake closely paralleled the normal

seasonal change in herbage production, and it would therefore be

possible to have a constant stocking rate throughout the grazing 

season.

An alternative method of offering a buffer feed that does not 

restrict intake is to place it in the field (ESCA, 1981). However

this can result in poaching around the feeder, feed wastage (Plate 4)

(Wallace and Parker, 1966) and a high input of labour and machinery.
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Supplementing grazed herbage with a buffer feed offered in the field
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Offering a buffer feed in a feeding passage after morning 

milking cannot compensate for large reductions in herbage DJM intake 

(experiments 1 and 3) but offering it twice a day after each 

milking could be more beneficial. As cows prefer to graze during 

daylight hours it is preferable not to offer the buffer feed for 

too long during the day, especially in autumn when daylight hours 

are restricted. Buffer feeds offered once a day must not deteriorate 

rapidly as waste will be reduced if refusals are left from day to 

day. Refusals in this system of buffer feeding are generally high 

if the feed is available ad because of the high variation

in daily intake. Unlike buffer feeds offered overnight which are 

eaten in considerably greater quantities, a buffer feed offered 

once a day is likely to be purchased rather than homegrown. Such 

feeds as hay, alkali-treated straw and a range of byproducts of the 

food and drinks industries may therefore be suitable.

9.2 BUFFER FEEDS WITH A SILAGE-BASED DIET 

Intentional or not, there are obvious advantages to the dairy 

farmer in restricting the silage ration in a winter-feeding regime: 

stocking rates can be increased, feed refusals are eliminated and 

silage is expensive relative to the other basic forage offered to 

dairy cows-grazed herbage. These experiments have demonstrated 

that both the magnitude and duration of a restriction will determine 

the response. Total restrictions of 500 MJ cow~^ will be tolerated 

without loss of milk production,but a restriction of 1000 MJ cow~^ 

will cause a considerable reduction in milk yield. The duration of 

the restriction is probably less important than the degree of the 

total restriction in determining the nature of the response, although
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very severe restrictions will cause an immediate reduction in milk 

production (Smith et al, 1938). In addition, milk protein content 

is reduced when silage is restricted and milk fat content is likely 

to be depressed by the increase in concentrate:forage ratio.

Further work is required to determine the effect of a restriction 

applied over the whole winter feeding period, but a long-term 

restriction is more likely to be survived without loss of milk 

production if applied in mid-late lactation. Feed restrictions in 

early lactation will also extend the calving to conception interval 

(Haresign, 1981). Clearly there is some scope with autumn-calving 

cows for moderate silage restrictions at the end of the winter-feeding 

period, followed by compensatory liveweight gain at pasture if this is 

available ad Hhitim.

Although the mean response to a restriction of silage is most 

important, the response of individual animals must also be 

considered. Dominant cows will eat more than their share of silage 

if the feeding space is restricted (Reynolds and Campling, 1981), 

and heifers are more restricted than cows due to their lower rate of 

silage DM intake relative to live weight (experiment 6).

In certain circumstances major restrictions of silage DM intake 

occur and milk production will only be maintained if a good quality 

buffer feed is available. To ensure full utilization of the 

available silage, the buffer feed must not be eaten in preference to 

the silage or it must be offered in restricted amounts. If the 

buffer feed is not to be preferred to silage, it must be of lower
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quality (in which case it could be of little value to the dairy cow 

eg straw), or it could be rendered unpalatable by the addition of 

substances such as salt or animal excreta (MAFF, 1968). If the 

buffer feed is of higher quality and is offered in restricted 

amounts it will not act as a buffer to short-term variation in 

silage availability, although it is likely that this variation

can be survived without loss of milk production (Robinson and
I

McGowan, 1980). A compromise may be reached by offering a good 

quality buffer feed ad I'Cbitum for a short time eg 1 hour, and 

some daily adjustment of intake is then possible by altering the 

rate of intake.

Formulating a buffer feed as a home-produced mix, incorporating 

straw as a base and byproducts when available, gives the farmer 

considerable flexibility and will enable the production of feeds of 

similar quality to silage at only slightly higher cost. Palatability 

of the feedstuffs, however, must be considered in relation to the 

feed intake requirement - the addition of molasses, for example, 

increases the palatability of the mix.

A further aspect requiring investigation is the degree to which 

the cows can withstand changes in the proportions of different 

forages in the diet. Hutton and Parker (1965) found that cows 

offered a 50:50 mixture of a high and low quality forage will not 

produce any more milk than cows first offered the high quality 

forage at 100% then the low quality forage at 100%, Indeed,

higher overall milk yields were obtained when all the high quality 

forage was offered in the earlier stage of lactation. This suggests
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that maintaining exactly constant proportions of the basic forage to 

the buffer feed throughout the winter is not important.

9.3 THE EFFECTS OF INCREASING FARM STOCKING RATES 
AND OF OFFERING A BUFFER FEED ON PROFITABILITY

Increasing the stocking rate increases grassland utilization

and output of UME ha ^. From Gordon (1973) it can be calculated 
a.

that^50% increase in stocking rate increased UME by 13, 10 and 18% 

in three successive years and Baker (1980) found that a 36% increase 

in stocking rate over the first eight weeks of the grazing season 

increased UME over this period by 30%. However herbage availability 

could be reduced and milk production consequently decline, although 

to some extent tissue mobilization buffers changes in feed intake.

If animal production is reduced the proportion of the feed used 

for the maintenance of the cow is increased and efficiency declines.

In addition, fixed costs ha increase and it is the balance

between all of these factors that determines the optimum stocking rate,

However, farmers usually operate below this level partly because 

higher stocking rates, although increasing mean annual income, 

also increase the variation in annual income (Newton and Brockington, 

1975). Stability of annual income is more important than increasing 

mean annual income (Johnson and Bastiman, 1981). In addition, 

tradition and shortages of buildings and labour deter many farmers 

from increasing stocking rates (Forbes et at, 1980). The problem 

of low stocking rates is not one of recognition but of incentive 

and capital constraints (Forbes et al, 1980).
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The provision of supplementary feed reduces the variation in 

annual income and may increase the actual income, depending on the 

type, cost and effectiveness of the feed (Newton and Brockington,

1975) . The most efficient way to counteract variation in forage 

intake is to offer a buffer feed - a purchased or homegrown feed, 

offered ad lih-itiAm, that is eaten when the nutrient intake from 

the basic forage is restricted but not in preference to the basic 

forage (Greenhalgh, 1975). The amount of buffer feed needed is 

determined by the variation in forage intake and the forage quality 

and length of the cycle of variation determine the type of buffer 

feed that can be used. For example the annual variation in herbage 

yield is relatively low (Garwood et al, 1977) and there is less 

need for a buffer feed, which could only be supplied by feeds that 

can be stored between years (table 9,3).

Diurnal variation in silage intake in a winter-feeding regime is 

low; this is supported by the fact that the variation in milk fat 

content is considerably less than during the grazing season 

(Clapperton et at, 1978).

Some variation in forage availability can be predicted eg the 

spring flush component ofj seasonal variation in herbage production, 

and buffers planned - in this case conservation. Later in the 

year, herbage yield is more variable due to the increased range in 

precipitation (Garwood et at, 1977),

An advantage of rectifying a forage restriction with additional 

forage rather than concentrate feed is that it promotes a more
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acetate type of fermentation in the rumen, and most of the extra 

energy intake is used to increase milk production rather than 

liveweight gain. In addition, the cost of extra forage is 

considerably less than that of extra concentrates (Lazenby and 

Doyle, 1981). However the substitution rates of additional 

forages may be higher than additional concentrates (Hijink, 1978), 

and this requires investigation.

Further investigation is also needed into the reason for, and 

extent of, variation in herbage DM intake. In particular knowledge 

of the ingestive limitations of grazing dairy cows at high stocking 

rates, and the effects of inclement weather, would help to identify 

the need for buffer feeds.
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APPENDIX 1

References for section 1.1.1.2: effect of a reduction in herbage
intake on animal production

Freer, 1950

Greenhalgh et 1966? 1967

Greenhalgh and Reid, 1968 

Gordon, 1973

Hutton and Douglas, 1975

Bryant, 1978

Rogers and Porter, 1978

Pankhurst and McGowan, 1978

Corabellas and Hodgson, 1979

Le Du et at, 1979

Rogers, 1979

Santamaria et at, 1979

Grainger and Wilhelms, 1979

Beilhartz et at, 1980

Grainger et at, 1980

Rogers and Robinson, 1980 a and b

Rogers et at, 1980

Santamaria and Rogers, 1980

Stewart et at, 1980

Chalmers and Leaver, 1981

Le Du et at, 1981

Meijs, 1981 a and b
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APPENDIX 4 FERTILIZER APPLICATION IN GRAZING EXPERIMENTS

EXPERIMENT 1 (1981) Fertilizer application (kg ha‘5
N P K

Dayfield and nightfield 
early season (10.8 ha)

17 March 99 - -

14 May 72 12 12
15 June 64 11 11
14 July 56 14 11
7 August 65 17 13

Total 356 54 47

Silage aftermath (4.2 ha)
30 March 148 —

8 June 95 48 48
14 July 64 17 13
18 August 71 18 15
Total 378 83 76

EXPERIMENTS 2 and 3 (1982)t

5 March 96 _
4 May 54 14 11
24 May 57 15 12
16 June 54 14 11
14 July 66 15 15
3 August 66 15 15
3 September 57 13 13

Total 450 86 77

f Experiment 2 (4.7 ha) 21 April - 14 July 
Experiment 3 (3.6 ha) 4 August - 6 October
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APPENDIX 5 AN INVESTIGATION INTO THE IMPROVEMENT OF HERBAGE 
HEIGHT MEASUREMENTS IN EXPERIMENT 1

-1METHOD; Forty measurements of herbage height ha were taken on 
9 ha of the grazing area used in experiment 1 with both the MMB 
rising plate meter and the grass disc described by Castle (1976).
In addition those readings occurring in areas of rejected herbage 
were recorded to enable grazed herbage height to be determined.

RESULT'S! Increasing the number of herbage height measurements from 
8 ha to 40 ha had no effect on the coefficient of variation 
(appendix figure 1) of either herbage or grazed herbage height.
Mean coefficient of variation of grazed herbage height was less than 
that of herbage height, as found in experiment 1. Mean coefficients 
of variation for 20 recordings o| herbage height in each treatment 
area (20 measurements recording ) were 48.4 and 51.6% for the MMB 
rising plate meter and the grass disc respectively. These were not 
significantly different (P>0.05).

CONCLUSIONS: It was concluded that there was no advantage to be
gained from increasing the number of herbage height measurements ha 
or from changing from the MMB grass meter to the grass disc.

-1

100

■p
g
§u3 80a0)a
4->
M•S 60
rd
(po Herbage

Grazed herbage

10 20 30 40 50
Number of MMB grassmeter readings ha’

Appendix Figure 1 The effect of increasing the number of herbage 
height measurements on CV%
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APPENDIX 6 CONCENTRATE SUPPLEMENTATION IN EXPERIMENT 1 (1981)

•1Mean grass 
height (cm)

Milk yield above which 
supplementation required (kg day ^) 

PERIOD
1 2 3 4 5 6

10 29.0 26.0 23.0 20.0 17.0 14,0
9 28,5 25.5 22.0 19,5 16.0 14.0
8 27,5 24.0 21.0 18.0 15.0 12.5
7 25,0 22,0 19.0 16.0 13.0 10.5
6 23,5 20.0 16.0 13.0 10.0 7.5
5 20,0 16,0 12.0 9.0 6.0 3.5
4 15,5 11.0 7,0 3.5 0.0 0.0
3 9.0 4.0 0.0 0.0 0,0 0.0

Period 1 : 15 April - 12 May
2: 13 May - 9 June
3: 10 June “ 8 July
4: 9 July “ 5 August

3 September - 30 September

-1Concentrates were offered at a rate of 0.45 kg kg ‘ mean milk yield of 
cows on the low stocking rate above the yield level attributable to 
the grass height of the low_^tocking rate treatment areas. Concentrate 
level was fixed at 4 kg day at the start of the experiment and the 
maximum reduction of concentrates in one week was set at 1 kg day"" .
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APPENDIX 7 EQUATIONS USED TO PREDICT THE METABOLIZABLE ENERGY 
CONTENT OP THE FEEDS

EQUATION
-1A1 Silage M/D (MJ kg DM) = 0.249 x In v i t r o (%) - 0.00716 x

DM content (g kg ) - 4.21

A2 Herbage )
 ̂ ^ ! M/D = 0.235 X In vitro OMD (%) - 4.45Concentrate ) ^

Straw )
-1

A3 Silage M/D = \{In vitro OMD (%) x 0.907 + 6.03) x -- -]x 0.16

A4 Herbage )

Sïo.n«.t. 1 ■ I »  Kl « 1.207 - 10.21} »
^  * 2 0.10

ME content of the feeds was predicted using equations 1 and 2 in 
experiments 1, 2, 4 and 5. In experiments 3 and 6 equations 
3 and 4 were used.
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APPENDIX 11 CONCENTRATE INGREDIENTS

2 3 4% by weight 1

Barley 14.5 14.0 21.7 24.3
Maize 39.0 7.0 - -
Maize gluten 10.0 10.0 20.3 20.2
Wheat - 29.0 20.0 20.0

iWheatfeed 9.5 9.5 15.0 8,0
Soya 15.0 14.5 11.0 15.0
Fishmeal 2.5 2.5 2.5 2.5
Molasses 5.0 7.5 4.0 5.0
Fat supplement 1.3 3.0 2.5 2.0
Dicalcium phosphate 0.9 - 0.5 0.5
Mineral/vitamin 2.3 3.0 2.5 2.5

Concentrate 1 was used in experiment 4

2 was used in experiments 2, 5 and the last 4 weeks of
experiment 1

3 was used in experiment 3
4 was used in experiment 5
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APPENDIX 12 CHANGEOVER DESIGNS EMPLOYED IN EXPERIMENTS 2, 3, 4 AND 5

Design 1 2  3 4
2 4 1 3
3 1 4  2
4 3 2 1

Design 1 2  3 1 2  3
2 3 1 3 1 2
3 1 2 2 3 1

In these designs rows represent periods of the experiment and columns 
are experimental units (cows),

In experiments 2, 4 and 5 there were 8, 4 and 3 blocks respectively 
of design 1.

In experiments 3 there were 3 pairs of the orthoganol pair of Latin 
Square blocks of design 2,

Design 1 was also employed in experiment 2 as a rota for daily 
treatment allocation to the four set-stocked areas. In this 
instance columns and rows were treatments and days respectively. 
Design 2 was similarly eijiployed in experiment 3.

Source: Patterson and Lucas (1962)
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APPENDIX 17 TREATMENT MEANS FOR COWS AND HEIFERS AT THE 
START OP EXPERIMENT 6

A
Treatment

R RS

Milk yield (kg day S Cows 23.5 23.8 23.3
Heifers 20.3 20.3 20.7
Mean 21.9 22.1 22.0

Live weight (kg) Cows 577 581 578
Heifers 531 524 522
Mean 554 553 550

Condition score Cows 1.8 2.0 1.9
Heifers 2.2 2,2 2.3
Mean 2.0 2.1 2.1

Number of days Cows 35 35 32
calved Heifers 70 71 71

Mean 53 53 51
Parity Cows 4.0 4.3 4.5
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