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Abstract

Twenty-four multiparous Holstein-Friesian dairy cows in mid lactation were used in a 4(4 Latin square changeover experiment with four 4-week periods to investigate the effect of altering the ratios of red clover (RC) and ryegrass silage (GS) in the forage component of their diet.  Ratios (in the dry matter (DM)) were: R0, 0 RC:1 GS; R34, 0.34 RC:0.66 GS; R66, 0.66 RC:0.34 GS; R100, RC 1:0 GS.  All cows received ad libitum access to their allocated forage with 4 kg of a standard concentrate per day.  Results are presented in order of R0, R34, R66 and R100 respectively.  Feed DM intakes (16.7, 17.8, 18.3, 19.0 kg d-1, s.e.d. 0.24, Plin<0.001) and milk yields (25.2, 26.1, 26.5, 26.1 kg d-1, s.e.d. 0.47, Plin<0.05, Pquad<0.05) increased as the proportion of RC in the forage increased.  Nitrogen (N) intake and excretion of N in urine and faeces increased (P<0.01) with increasing proportion of RC in the diet, but milk N secretion as a proportion of diet N intake, decreased (P<0.01).  It is concluded that the best balance of feed intakes, milk yields and efficiency of utilisation of dietary N was achieved when cows were offered a diet with RC silage as 0.66 of the forage.
Introduction

Red clover (RC; Trifolium pratense) requires no nitrogen (N) fertiliser for growth and is therefore highly suitable for use in organic farming systems.  Red clover can be successfully ensiled as bales, and when fed to dairy cows RC silage has been shown to allow higher intakes, leading to higher yields of milk, than grass silage (Dewhurst et al., 2003a; 2003b; Thomas et al., 1985).  However, the efficiency of utilisation of RC silage can be low, and for agronomic purposes may be best offered to cows as a mix with another forage such as grass silage.  Ryegrass silage is a common forage that is widely used in the UK and other parts of Europe, and offers this potential.
The objectives of this experiment were to investigate the effect of mixing red clover and ryegrass silages at different ratios on feed intake, milk production and whole-body N partitioning in dairy cows.
Materials and methods

Twenty-four multiparous Holstein-Friesian dairy cows in mid lactation were used in a 4(4 Latin square changeover experiment.  Following a covariate period with all cows offered a common diet, cows were allocated to one of six replicate Latin squares on the basis of milk yield recorded shortly before the start of the experiment.  Four experimental diets were offered to the cows differing in the ratios (on a dry matter (DM) basis) of grass silage to RC silage: 1) diet RC0: 1 grass:0 RC; 2) diet RC34: 0.66 grass:0.34 RC; 3) diet RC66: 0.34 grass:0.66 RC, and 4) diet RC100: 0 grass:1 RC.  The grass silage was prepared from a first cut perennial ryegrass sward and stored as a large clamp under cover.  The red clover silage was a mixture of first and second cut bales and used in a ratio of one bale first cut to one bale second cut.

In each of four 4-week periods, the first 21 days were used for adaptation to diets, and the remaining 7 days were used for measurements.  All cows received ad libitum access to their allocated forage diets (to allow at least 0.1 of offered feed as refusals), and also received a constant allocation of 4 kg standard dairy concentrate per day.  Feed intakes and milk yields were recorded for all cows throughout the experiment.
Feed samples were collected during the measurement week and composited to give one sample per experimental period.  A subset of eight of the cows were used for digestibility and whole-body N partitioning measurements during the last 7 days of each experimental period.  For these, separate collections of total outputs of faeces and urine were made from all cows during the measurement period.  Dry matter, organic matter (OM), N, and neutral detergent fibre (NDF) were determined in feeds and faeces and used to calculate apparent whole-tract digestibilities of these components (intake in feed minus output in faeces divided by intake in feed).  The N content of urine was also measured, which enabled the calculation of whole-body N balance (by difference of intakes and total outputs in milk, faeces and urine).  Milk fat and protein was measured by commercial near-infrared milk analysis in 4 consecutive samples collected from all animals during the measurement week in each period.
Results
The concentrations of DM and water-soluble carbohydrates (WSC) decreased, and the concentrations of ammonia-N and fibre fractions increased, as the proportion of RC silage in the diet increased (Tab. 1).  Diet CP concentration was similar for all forage mixtures.
Tab. 1:  Mean composition of the silage mixtures offered to dairy cows during the experiment.  Values in g kg-1 DM unless otherwise specified
	
	Silage mix
	Concentrate

	
	R0
	R34
	R66
	R100
	

	Dry matter, g kg-1
	374
	359
	338
	322
	869

	Organic matter
	894
	893
	893
	894
	927

	Crude protein
	206
	205
	196
	194
	210

	Ammonia-N
	2.00
	2.32
	2.72
	3.06
	-

	Water-soluble carbohydrates
	113
	74
	49
	29
	92

	pH
	3.98
	4.17
	4.41
	4.66
	-

	Acid detergent fibre
	290
	317
	335
	373
	143

	Neutral detergent fibre
	439
	459
	447
	461
	222

	Ether extract
	36
	31
	27
	24
	-

	Acid detergent ether extract
	-
	-
	-
	-
	56


Tab. 2: Effect of altering the forage ratio of grass and red clover silages on feed intakes, diet apparent whole-tract digestibilities, and milk yield and composition of dairy cows
	
	Diet
	SED
	Sig.1

	
	R0
	R34
	R66
	R100
	
	L
	Q

	Total DM intake, kg d-1
	16.7
	17.8
	18.3
	19.0
	0.24
	***
	n.s.

	
	
	
	
	
	
	
	

	Digestibility, g g-1 intake
	
	
	
	
	
	
	

	  Dry matter
	0.63
	0.62
	0.59
	0.55
	0.008
	***
	*

	  Organic matter
	0.73
	0.71
	0.68
	0.64
	0.007
	***
	*

	  Nitrogen
	0.67
	0.69
	0.67
	0.66
	0.010
	n.s.
	n.s.

	  Neutral detergent fibre
	0.73
	0.71
	0.68
	0.60
	0.024
	***
	n.s.

	
	
	
	
	
	
	
	

	Milk yield, kg d-1
	25.2
	26.1
	26.5
	26.1
	0.47
	*
	*

	Fat conc., g kg-1
	38.0
	36.7
	35.6
	35.5
	0.99
	**
	n.s.

	Protein conc., g kg-1
	30.8
	30.7
	30.6
	29.3
	0.39
	***
	*

	Fat yield, g d-1
	955
	947
	935
	923
	27.2
	n.s.
	n.s.

	Protein yield, g d-1
	770
	798
	810
	763
	17.1
	n.s.
	**


1 Significance: L, linear effect, Q, quadratic effect.  There were no significant cubic effects; n.s., not significant; +, P<0.1; *, P<0.05; **, P<0.01; ***, P<0.001

Tab. 3: Effect of altering the forage ratio of grass and red clover silages on N intakes, N outputs, and apparent partitioning of dietary N by dairy cows
	
	Diet
	SED
	Sig.1

	
	R0
	R34
	R66
	R100
	
	L
	Q
	C

	N intake, g N d-1
	529
	577
	552
	611
	14.0
	***
	n.s.
	**

	
	
	
	
	
	
	
	
	

	N output, g N d-1
	
	
	
	
	
	
	
	

	  Faeces
	172
	181
	184
	206
	6.6
	***
	n.s.
	n.s.

	  Urine
	203
	218
	232
	233
	9.0
	**
	n.s.
	n.s.

	  Milk
	117
	122
	119
	118
	4.8
	n.s.
	n.s.
	n.s.

	N balance
	36
	57
	17
	55
	12.6
	n.s.
	n.s.
	**

	
	
	
	
	
	
	
	
	

	N partition, g out g-1 in
	
	
	
	
	
	
	
	

	  Faeces
	0.33
	0.31
	0.33
	0.34
	0.010
	n.s.
	n.s.
	n.s.

	  Urine
	0.39
	0.38
	0.42
	0.39
	0.014
	n.s.
	n.s.
	*

	  Milk
	0.22
	0.21
	0.22
	0.19
	0.007
	**
	n.s.
	+


1 Significance: L, linear effect, Q, quadratic effect, C, cubic effect; n.s., not significant; +, P<0.1; *, P<0.05; **, P<0.01; ***, P<0.001
Feed DM intake significantly increased as the proportion of RC in the diet increased (Tab. 2).  However, this was associated with a decrease in the digestibility of several diet components (but not of N).  Despite this, milk yields were significantly affected by diet with the highest yields coming from cows offered diet R66.  Milk fat and protein concentrations all decreased significantly with increasing proportions of RC in the diet.

Intakes and excretion outputs of N increased linearly as the proportion of RC in the diet increased (Tab. 3).  There was a significant cubic effect on N balance, with the lowest value for cows offered diet R66.  The secretion of milk N expressed as a proportion of dietary N intake significantly decreased as the proportion of RC in the diet increased.
Discussion
This study investigated the effects of mixing of RC and grass silages, and confirmed earlier findings of the increased intake potential of RC silage (Bertilsson and Murphy, 2003; Dewhurst et al., 2003a; 2003b; Thomas et al., 1985).  Increased milk yields as a result of increased DM intakes were also confirmed.  However, these were associated with little or no change in yields of milk protein and fat, so that concentrations of milk components decreased with increasing intakes of RC silage.  Most responses to changing from grass to RC silage were linear, although mixing the two had some benefits.  Milk and protein yields were highest from diet R66, and were slightly lower on pure RC silage (R100).  Increased N intakes, coupled with decreased milk N outputs meant that the apparent efficiency of diet N use for milk protein production was lower with high RC diets (Bertilsson and Murphy, 2003).
Conclusions
Milk output can be improved by feeding dairy cows with RC silage, although at the expense of milk fat and protein concentrations.  Maximum milk and milk protein yields were found at a forage mixture of 0.66 RC and 0.34 ryegrass silages.
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