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FARMER SUMMARY

While the need to obtain higher nutrient intakes with high genetic merit dairy cows is well known, achieving these higher nutrient intakes within grassland-based management systems provides a particular challenge.  To address this issue, four contrasting grassland-based systems of milk production were examined over a three year period in a study conducted at the Agricultural Research Institute of Northern Ireland (Hillsborough).  The study involved 80 high genetic merit (PIN2000 £39) autumn calving dairy cows (20 animals per system), and encompassed both the indoor winter period, and the outdoor grazing period.  Each system was designed to allow increased nutrient intakes to be achieved, with the four systems summarised below: 

System 1:
High quality silage (4 cut system, 73 D-value, wilted) plus flat rate feeding of 6.0 kg concentrates/cow/day during the winter.  Early spring turnout, followed by high allowances of high quality pasture (flexible allocation system) without supplementation during the summer

System 2:
High quality silage (4 cut system, 73 D-value, wilted) plus flat rate feeding of 6.0 kg concentrates/cow/day during the winter.  Later turnout date, followed by lower grass allowances in a rigid paddock system with supplementation (mean of 4.0 kg/day) during the summer

System 3:
Medium quality silage (2 cut system, 66 D-value, direct cut) plus 13.0 kg concentrates/cow/day in the form of a complete diet during the winter.  Early spring turnout, followed by high allowances of high quality pasture (flexible allocation system) without supplementation during the summer

System 4:
Medium quality silage (2 cut system, 66 D-value, direct cut) plus 13.0 kg concentrates/cow/day in the form of a complete diet during the winter.  Later turnout date, followed by lower grass allowances in a rigid paddock system with supplementation (mean of 4.0 kg/day) during the summer

Mean animal performance data for a full lactation (adjusted to represent a herd comprising 30% heifers and 70% cows) are presented below:
	
	System

	
	1
	2
	3
	4

	Intake/cow/lactation
	
	
	
	

	Concentrate (kg fresh)
	1075
	1636
	2198
	2650

	Silage (kg DM)
	1990
	2062
	1114
	1152

	Grazed grass (kg DM)
	3246
	2416
	3075
	2447

	Total (kg DM)
	6170
	5902
	6102
	5905

	Milk production/cow/lactation
	
	
	
	

	Total milk output (kg)
	8230
	8412
	7950
	8209

	Fat (%)
	4.07
	4.01
	4.13
	4.11

	Protein (%)
	3.32
	3.33
	3.44
	3.47

	Milk from forage (kg)
	5841
	4774
	3068
	2318

	Stocking rate (cows/ha)
	2.3
	2.6
	2.9
	3.3

	Gross margins (£)
	
	
	
	

	per cow 
	1024
	975
	961
	956

	per 1000 litres 
	124
	116
	121
	116

	per ha 
	2356
	2535
	2788
	3155


Although total intakes associated with each of the four systems were very similar, the relative contributions of concentrate feeds, grass silage and grazed grass to each system were very different.  For example, concentrates comprised 15%, 24%, 32% and 39% of total DM consumed with Systems 1 - 4 respectively.  However, lactation milk outputs were relatively unaffected by system, indicating that a given level of animal performance can be achieved from very different combinations of feed inputs.  Nevertheless, the 5841 kg of 'milk from forage' with System 1 highlights the potential of very high quality grass silage, combined with high allowances of high quality pasture, to sustain high level of milk production.  In addition, animals on all systems experienced similar levels of body tissue loss, and there was no evidence that either the health or fertility of the animals on the study were affected by management system.

While animal performance was relatively unaffected by system, the four systems were very different in a number of other respects.  For example, the stocking rate data highlights the 'land sparing' effect associated with purchased concentrate feeds, System 4 stocking rates being 44% higher than those associated with System 1.  Nevertheless, the environmental impact of these higher stocking rates is considerable, with organic nitrogen outputs associated with Systems 1 - 4 calculated as 212, 231, 250 and 272 kg/ha.  The latter would clearly influence the choice of system within a Nitrate Vulnerable Zone.  The level of management input associated with each of the systems is also quite different.  For example, the level of management expertise required for the production of high feed value wilted silages, early turnout, and grazing systems based on high allowances of high quality pasture (System 1), are considerably higher than those associated with direct cut medium feed value silage production systems, combined with a rigid paddock grazing system (System 4). 

While the economic values presented are restrictive in that they relate to a single set of economic conditions, they do highlight a number of important issues.  For example, although system had relatively little effect on either gross margin/cow or gross margin/1000 litres, gross margin/ha increased from System 1 through to System 4, a reflection of the lower land requirements associated with the latter system (although this has environmental implications as highlighted above).

In conclusion, while the results of this study confirm that very similar levels of milk output can be achieved from very different combinations of feed inputs, issues such as land availability, farmer management skills, labour availability and environmental constraints, are likely to be key factors determining the optimal production system for the individual farm.  In addition, the relative profitability of each of the systems must be examined in relation to current economic conditions, and must take account of individual farm circumstances.
EXECUTIVE SUMMARY

· Meeting the higher nutrient requirements of high genetic merit dairy cows in grassland-based management systems provides a particular challenge.  The aim of this study was to examine four contrasting grassland based systems of milk production, with each system designed to allow increased nutrient intakes to be achieved.

· The study was established in Autumn 1997, and was conducted over four successive years (Years 1 - 4).  The four systems of milk production examined in this study are summarised below: 

Summary of systems
	System
	Winter regime
	Summer regime

	F-F
	High feed value silage, plus 6 kg/day of a 'high protein' concentrate
	Early turnout, followed by lax grazing, plus 0.5 kg/day concentrate

	F-C
	High feed value silage, plus 6 kg/day of a 'high protein' concentrate
	Conventional turnout, followed by tighter grazing, plus concentrate to yield

	C-F
	Moderate feed value silage plus approximately 13 kg/day of a 'medium protein' concentrate
	Early turnout, followed by lax grazing, plus 0.5 kg/day concentrate

	C-C
	Moderate feed value silage plus approximately 13 kg/day of a 'medium protein' concentrate
	Conventional turnout, followed by tighter grazing, plus concentrate to yield


· The study involved 80 high genetic merit dairy cows each year (PIN2000 £39), twenty animals on each of the four systems.  Year 1 animals remained on their specified experimental systems during Year 2.  However a disease outbreak necessitated the culling of all animals mid way through Year 2.  The study recommenced with a new group of animals in Year 3, with these animals remaining on their specified experimental systems during Year 4.

· The high and medium feed value silages offered had mean metabolisable energy concentrations of 12.1 and 10.5 MJ/kg DM respectively.

· Mean dry matter intakes across Years 1, 3 and 4 of the study (weighted for a herd comprising 30% heifers and 70% cows) are presented below.  While total dry matter intakes with each of the four systems were very similar, the relative contributions of concentrates, grass silage and grazed grass to each of the systems were very different.  For example, concentrates comprised proportionally 0.15, 0.24, 0.32 and 0.39 of total DM consumed with systems F-F, F-C, C-F and C-C respectively, silage 0.32, 0.35, 0.18 and 0.20 respectively and grazed herbage 0.53, 0.41 0.50 and 0.41 respectively.

Lactation intakes (kg DM)
	
	System

	
	F-F
	F-C
	C-F
	C-C

	Concentrate 
	935
	1424
	1912
	2306

	Silage
	1990
	2062
	1114
	1152

	Grazed grass
	3246
	2416
	3075
	2447

	Total 
	6170
	5902
	6102
	5905


· Mean milk outputs across Years 1, 3 and 4 of the study (weighted for a herd comprising 30% heifers and 70% cows) are presented below.  Total milk output was unaffected by system in any year of the study, while lactation milk protein concentrations for animals managed on systems C-F and C-C tended to be higher than for those managed on systems F-F and F-C.  The latter is likely to reflect the higher energy status of these animals during the winter period.

Lactation milk outputs
	
	System

	
	F-F
	F-C
	C-F
	C-C

	Total milk output (kg)
	8230
	8412
	7950
	8209

	Fat (g/kg)
	40.7
	40.1
	41.3
	41.1

	Protein (g/kg)
	33.2
	33.3
	34.4
	34.7


· Milk from forage was calculated as 5841, 4774, 3068 and 2318 kg for systems F-F, F-C, C-F and C-C respectively.  The figure of 5841 kg of milk from forage (system F-F) clearly highlights the potential of systems based on very high quality grass silage, combined with high allowances of high quality pasture, to sustain very high level of milk production.

· System of milk production had no effect on live weight and condition score losses in early lactation, with losses averaging approximately 20 - 30 kg live weight and 0.3 condition score units (across Years 1, 3 and 4 of the study).  In addition, by week 40 post calving, animals on all systems had achieved similar levels of body tissue reserves.  Thus no one system compromised the body tissue reserves of the animals more than any other system.

· Although there was considerable variation in the fertility of the animals across the four years of the study, there was no consistent evidence that system had an effect on cow fertility.

· The health of the animals on the study was unaffected by management system.

· Stocking rates associated with systems F-F, F-C, C-F and C-C were 2.3, 2.6, 2.9 and 3.3 cows/ha (mean data for Years 1, 3 and 4).  This finding clearly highlights the 'land sparing' effect associated with purchased concentrate feed stuffs.

· Management inputs associated with each of the four systems were very different.  For example, system F-F was associated with the highest level of management inputs, while system C-C was associated with a considerably lower level of management inputs.

· Organic nitrogen outputs associated with systems F-F, F-C, C-F and C-C were calculated as 212, 231, 250 and 272 kg N/ha respectively.  Thus the operation of any of these systems within a Nitrate Vulnerable Zone would clearly depend on the maximum inorganic nitrogen load stipulated for that zone.

· Gross margins associated with each of the four systems are summarised below, with system having relatively little effect on either gross margin/cow or gross margin/1000 litres.  However, gross margin/ha increased from system F-F through to system C-C, a reflection of the reduced land requirements associated with the latter system.

Gross margin data
	
	System

	
	F-F
	F-C
	C-F
	C-C

	Gross margin per cow (£)
	1024
	975
	961
	956

	Gross margin per 1000 litres (£)
	124
	116
	121
	116

	Gross margin per ha (£)
	2356
	2535
	2788
	3155


· Three subsidiary studies were conducted to examine the effects of altering the level and composition of concentrate feed stuffs within the main systems study.  On the whole, these subsidiary studies confirmed that the regimes adopted within the main systems study were the most economic.

· The results of this systems study confirm that very similar levels of milk output can be achieved from very different combinations of feed inputs.  The data relating to body tissue changes, and dairy cow fertility and health, suggest that all systems are sustainable.  In view of the similar gross margins per cow and gross margins per 1000 litres associated with each of the four systems, land availability, management skills, and environmental constraints are likely to be key factors determining which system might be adopted on an individual farm.
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INTRODUCTION

In a research study conducted at Hillsborough almost 20 years ago, autumn calving dairy cows offered 0.9 t concentrates achieved a 305 day yield of 5460 kg milk (Gordon, 1984).  More recently, a 305 day milk yield of 7850 kg was achieved from a similar concentrate input (Gordon et al., 2000).  While part of this extra milk output reflects improvements in silage feed value and grazing management, genetic improvement undoubtedly accounts for a large part of the increase.  The increase in milk yield associated with improvements in genetic merit, while explained in part by higher intakes, primarily reflects differences in nutrient partitioning.  For example, in early lactation high merit dairy cows are more likely to experience a more extensive and prolonged period of negative energy balance than those of lower genetic merit, while in addition, throughout the lactation high merit animals will partition more of their feed nutrients consumed to milk, rather than to tissue gain.  Consequently it is likely that increased performance will only be sustained in the long term either by increasing the DM intake potential or the nutrient density of the diets offered.  In addition, increased magnitude and duration of negative energy balance has been shown to be related to compromised health and fertility (Harrison et al., 1990: Waltner et al., 1993), and as such, reduced longevity and impaired animal welfare.

The development of nutritional and management practices which either increase the DM intake potential or the nutrient density of the diets offered to cows, are likely to be key issues in overcoming these problems.  While diets based on high quality maize silage may offer a very real opportunity to achieve higher nutrient intakes from forage (Phipps et al., 1995), the production of consistently high quality crops of maize silage remains elusive in many Northern and Western areas of the UK.  Consequently grassland systems, based either on grass silage or grazed grass, are likely to remain dominant for the foreseeable future within these areas.  Thus there is a very real need to develop grassland-based management systems which will enable the higher nutrient requirements of high genetic merit dairy cows to be met.

Within grassland based management systems there are a number of options by which nutrient intakes could be increased, with a number of these options having been examined in component type studies at Hillsborough in recent years.  These include adopting rapid wilting techniques (Patterson et al., 1998), modifying concentrate feeding methodology (Gordon et al., 1995), optimising the relationships between silage quality and concentrate feed levels (Ferris et al., 2001), turning cows out early (Mayne and Laidlaw, 1995), offering concentrate supplements at pasture, increasing herbage allowances and modifying sward characteristics (Mayne and Peyraud, 1996).  However, component type studies have a number of disadvantages, including their short term nature, and the fact that when two components are combined, the individual effects of each component are rarely additive.  The former is especially important as it is known that management in one part of a lactation can influence animal performance later in the lactation, or in a subsequent lactation.  In addition, short term studies fail to take account of variations in climatic conditions between years, and these can have a major effect on silage production and grazing management, and hence, animal performance.

Some of these difficulties have been overcome within the current study in which a 'systems' based approach to research was adopted.  This study comprised two main parts, namely: 

A)
Main systems study 

B)
Subsidiary studies and measurements.

A)
Main systems study
The two systems examined by Gordon et al. (2000) were designed to achieve increased nutrient intakes with grass-based diets, either by improving the feed value of the silage offered in winter and by increasing herbage allowance at grazing, or by the use of additional concentrate supplementation throughout the season, combined with a tighter grazing regime.  The data from this study indicated that the short term nutrient requirements of high genetic merit dairy cows can be met in either high forage or high concentrate based systems.  However the current study, whilst encompassing two systems similar to those described above, recognises the existence of intermediate systems.  For example, a winter regime based on a high feed value silage may be followed by a tight summer grazing regime, while a winter regime based on high concentrate inputs may be followed by a summer regime based on a high herbage allowance.  Thus the main systems study involved an examination of four contrasting grassland based systems of milk production, with the systems being designed to allow increased nutrient intakes to be achieved through incorporating the 'best practice' results of a number of component studies.  In addition, a major limitation of previous studies has been their relatively short term nature, with responses being measured over a single lactation.  To overcome this, the current study was designed to run over three successive lactations.  However, from the outset it must be stressed that although all four systems were grassland based, none of the systems could be described as 'low input', as might be the case with spring calving systems.  Rather, all were designed to provide high inputs of nutrients and to achieve high outputs of milk with autumn calving cows.

B)
Subsidiary studies and measurements
In addition to the main systems study, a number of subsidiary studies and measurements were undertaken, some involving animals on the main system study, and some involving separate groups of animals.  These subsidiary studies were undertaken to either examine the effects of varying a component within a system, or to provide supporting science to assist in the understanding of the responses achieved within a system.

Layout of Report
This Report has been divided into a number of key sections.  Sections I and II detail the methodology and results for the main systems study and for the subsidiary studies and measures respectively, while Section III consists of an economic appraisal of the data from the study.  The findings of the main systems study and subsidiary studies and measures are discussed in Section IV.  Conclusions, references and publications from the study have been presented in Sections V-VII respectively.
SECTION I

MAIN SYSTEMS STUDY

Aims of main systems study
1)
To examine both the short term and the long term effects of four contrasting grassland based systems of milk production, on nutrient intakes, milk output, tissue changes, and animal health and fertility.

2) To identify land requirements associated with each of the four systems.

3) To provide a framework of animal production data which will allow both simple and complex economic appraisals of the different systems to be undertaken.

4) To allow an examination of options for producing milk under different:

a) Physical conditions

b) Management inputs

c) Environmental constraints

d) Economic environments

Overview of experimental systems
Four systems of milk production, designated F-F, F-C, C-F, and C-C, were examined in this study.  The letters ‘F’ and ‘C’ describe a ‘forage’ or ‘concentrate’ based component of a system, while the first and second letters of the pair refer to the winter and grazing regimes respectively.  Key elements of each of the four systems are outlined in Table 1, while each of the systems is described in detail later.

Table 1
Overview of the four systems examined

	System
	Winter regime
	Summer regime

	F-F
	High feed value silage, plus 6 kg/day of a 'high protein' concentrate
	Early turnout, followed by lax grazing, plus 0.5 kg/day concentrate

	F-C
	High feed value silage, plus 6 kg/day of a 'high protein' concentrate
	Conventional turnout, followed by tighter grazing, plus concentrate to yield

	C-F
	Moderate feed value silage plus approximately 13 kg/day of a 'medium protein' concentrate
	Early turnout, followed by lax grazing, plus 0.5 kg/day concentrate

	C-C
	Moderate feed value silage plus approximately 13 kg/day of a 'medium protein' concentrate
	Conventional turnout, followed by tighter grazing, plus concentrate to yield


Materials and methods

Location of study

This study was conducted at the Agricultural Research Institute of Northern Ireland (latitude 54o27'N; longitude 06o04'W).

Experimental timetable

This study ran over four successive years, commencing Autumn of 1997 (Table 2).  During Year 1, animals were managed on their experimental regimes for a full lactation (winter, transitional grazing, main grazing and late lactation periods), followed by a dry period.

Table 2
Outline experimental timetable

	Year of study
	Starting date
	Period

	Year 1
	Autumn 1997
	Winter
Transitional grazing
Main grazing
Late lactation
Dry

	Year 2
	Autumn 1998
	Winter
Transitional grazing†

	Year 3
	Autumn 1999
	Winter
Transitional grazing
Main grazing
Late lactation
Dry

	Year 4
	Autumn 2000
	Winter
Transitional grazing
Main grazing
Late lactation


†  Animals culled before period complete

Year 2 comprised a winter period and part of the transitional grazing period.  During the latter period, a disease outbreak necessitated the culling of all animals on the study.  The study recommenced during the Autumn of 1999 (Year 3) with a new group of cows, and ran for a further two lactations, finishing when animals were dried off at the end of Year 4.  The final animals completed the study in January 2002.  Mean calving dates and drying off dates, together with other key dates from the study, are summarised in Table 3.

Animals

Eighty animals commenced each of the four winter periods of the study, with the number of primiparous and multiparous animals starting each year being 30 and 50 (Year 1), 15 and 65 (Year 2), 54 and 26 (Year 3), and 22 and 58 (Year 4) respectively.  However a number of animals [n = 4 (Year 1), n = 3 (Year 2) and n = 3 (Year 4)] were either removed from the study or their data excluded from the subsequent analysis for reasons detailed later.  All animals removed/excluded were multiparous.  The actual number of animals which completed each of the four years of the study are given in Table 4.

All animals on the study were high genetic merit Holstein-Friesians.  Animals which completed each of Years 1 - 4 of the study had mean Predicted Transmitting Abilities for milk (PTA2000 milk) of 286 (s.d. 172.8), 323 (s.d. 158.1), 495 (s.d. 131.6) and 488 (s.d. 135.0) kg respectively and mean PTA2000 fat + protein yields of 24.2 (s.d. 9.86), 27.3 (s.d. 8.49), 34.1 (s.d. 10.17) and 35.9 (s.d. 5.41) kg respectively.  Animals which completed each of Years 1 - 4 of the study had a mean lactation number of 2.3 (s.d. 1.32), 2.8 (s.d. 1.5), 1.5 (s.d. 0.80) and 2.0 (s.d. 0.84) respectively.

Table 3
Key dates during the study

	
	Year 1
	Year 2
	Year 3
	Year 4

	Mean calving date
	20 November 1997
(s.d. 42 days)
	29 November 1998
(s.d. 58 days)
	18 November 1999
(s.d. 27 days)
	10 November 2000
(s.d. 47 days)

	Start of transitional grazing 
(systems F-F and C-F)
	25 February 1998
	11 March 1999
	7 March 2000
	11 April 2001

	Start of grazing by late turnout group
(systems F-C and C-C)
	1 April 1998
	
	28 March 2000
	26 April 2001

	Full turnout (all systems)
	17 April 1998
	
	2 May 2000
	4 May 2001

	Re-housing (all systems)
	21 October 1998
	
	2 November 2000
	25 October 2001

	Mean drying off date
	6 October 1998 
(s.d. 46 days)
	8 April 1999†
	30 September 2000
(s.d. 42 days)
	15 October 2001
(s.d. 53 days)


†  Study terminated

Table 4
Parity structure of animals which completed each year of the study

	
	
	F-F
	F-C
	C-F
	C-C
	Total

	Year 1
	Heifers
	8
	7
	7
	8
	30

	
	Cows
	11
	12
	11
	12
	46

	
	Animals
	19
	19
	18
	20
	76

	Year 2†
	Heifers
	5
	5
	4
	1
	15

	
	Cows
	13
	15
	16
	18
	62

	
	Animals
	18
	20
	20
	19
	77

	Year 3
	Heifers
	14
	13
	14
	13
	54

	
	Cows
	6
	7
	6
	7
	26

	
	Animals
	20
	20
	20
	20
	80

	Year 4
	Heifers
	6
	6
	5
	5
	22

	
	Cows
	13
	13
	15
	14
	55

	
	Animals
	19
	19
	20
	19
	77


†  All animals culled mid lactation

Silage production

Six silages were produced during each of 1997 (Year 1), 1998 (Year 2), 1999 (Year 3) and 2000 (Year 4), four of 'high feed value' (four harvest system) and two of 'medium feed value' (two harvest system).  All herbages were harvested from perennial ryegrass based swards, although within any year the high and medium feed value silages were harvested from separate fields, with the swards harvested being of variable ages and sometimes differing in sown varieties.

Throughout the study, herbage was mown using a mower conditioner with a built in spreading mechanism (Vicon - Greenland KM 300 HPC), and rowed up just before harvesting using a grass rake (Krone Duo Uni III, KS 6.80 - 13.00).  In Years 1 and 2, herbage was baled using a round silage baler (Krone KR 130), with its chopping knives in position, double wrapped using a 25 micron silage wrap (Norvic), and stored on a gravel apron until feeding.  In Years 3 and 4, herbage was harvested using a precision chop forage harvester, and ensiled in bunker silos of between 75-300 t capacity.  Each load of bales (Years 1 and 2) and each load of herbage (Years 3 and 4) removed from the field was weighed over a 50 000 kg (± 10 kg) weighbridge to assess 'harvested yields'.  With the high feed value silages, variable periods of wilting were employed depending on herbage and weather conditions, the aim being to achieve a dry matter concentration of approximately 300 g/kg in all harvests.  With the medium feed value silages, short periods of field wilting were employed with the aim of ensiling the herbage at a DM concentration of approximately 200-220 g/kg, thus reducing effluent production.  No additive was applied to any of the herbages ensiled.  Cutting dates and details of the duration of periods of wilting for each year of the study are given in Table 5.

Table 5
Silage harvesting dates and length of wilting period

	
	Year 1
	Year 2
	Year 3
	Year 4

	Cutting dates
	
	
	
	

	High feed value silage
	
	
	
	

	Harvest 1
	15 May
	18 May
	17 May
	9 May

	Harvest 2
	16 June
	22 and 24 June
	17 June
	14 June

	Harvest 3
	17 July
	24 July
	22 July
	17 July

	Harvest 4
	18 August
	26-27 August
	23 August
	22 August

	Medium feed value silage
	
	
	
	

	Harvest 1
	3 June
	3 June
	8 June
	6-9 June

	Harvest 2
	6 August
	5-6 August
	9 August
	8 August

	Mean length of wilting period (hours)
	
	
	

	High feed value silage
	
	
	
	

	Harvest 1
	35
	18
	25
	32

	Harvest 2
	12
	28
	6
	25

	Harvest 3
	24
	37
	25
	24

	Harvest 4
	23
	26
	22
	23

	Medium feed value silage
	
	
	
	

	Harvest 1
	3
	15
	9
	30

	Harvest 2
	3
	16
	24
	<1


Operation of experimental systems

Pre-experimental periods

Prior to the start of the study in the Autumn of 1997, and the restarting of the study with a new group of animals in Autumn 1999, animals were housed and offered a non-experimental grass silage until calving.  At approximately 14 days pre-calving, 2.0 kg/day of a mineralised barley supplement was introduced into the diet of all animals, offered via an out-of-parlour feed system.

Winter feeding periods

At the start of the study (Year 1), and when the study restarted using a new group of animals (Year 3), animals were allocated at random (within primiparous and multiparous type) to one of the four systems of milk production immediately post calving.  Animals continuing into Years 2 and 4 of the study remained on their previous year’s management system.

Throughout each of the winter periods, animals were housed in two groups, side by side, in cubicle accommodation.  One group, comprising animals on systems F-F and F-C, was offered high feed value silage, supplemented with 6.0 kg/day of a 'high protein concentrate' (ingredient composition, Table 6).  This concentrate, in the form of a pellet, was offered via two out-of-parlour feeding stations, split equally between four equal time periods within each 24 hour period.  Within each year of the study, each of the four silages (Harvests 1 - 4) were offered in sequence, with each silage being offered for a specified number of cow feeding days, the number of days being proportional to the herbage DM yield within each harvest.  Silage was offered ad libitum to allow for a refusal of approximately 100 g/kg intake.

The second group comprised animals on systems C-F and C-C, with these animals being offered medium feed value silage, together with a 'medium protein' concentrate (ingredient composition, Table 6).  This concentrate, in the form of a meal, was mixed with the silage in a mixer wagon prior to feeding, and offered in the form of a mixed ration.  The concentrate was incorporated into the mix at a rate equivalent to 15.4 and 11.5 kg/day for multiparous and primiparous animals respectively, while rations were offered ad libitum, to achieve a refusal of approximately 100 g/kg intake.

Table 6
Ingredient composition of concentrate feed stuffs offered (kg/t air dry basis)
	
	Winter concentrates
	Grazing concentrates

	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 1
	Year 3
	Year 4

	
	HF
	HC
	HF
	HC
	HF
	HC
	HF
	HC
	HF
	HC
	HF
	HC
	HF
	HC

	Milled barley
	410
	300
	410
	300
	
	160
	
	160
	90
	100
	250
	120
	250
	120

	Milled wheat
	
	
	
	
	350
	160
	310
	160
	
	
	
	
	
	

	Maize meal
	
	
	
	
	
	
	
	
	200
	210
	310
	210
	310
	210

	Maize gluten
	
	200
	
	235
	150
	195
	140
	195
	
	
	
	
	
	

	Maize distillers
	
	
	
	
	70
	
	70
	
	
	
	
	
	
	

	Soya-bean meal
	425
	185
	400
	150
	290
	120
	390
	120
	210
	220
	310
	250
	310
	250

	Rape meal
	100
	
	125
	
	
	150
	
	150
	
	
	
	
	
	

	Fish meal
	
	
	
	
	50
	
	
	
	
	
	
	
	
	

	Molassed sugar-beet pulp
	
	150
	
	150
	
	200
	
	200
	370
	400
	
	350
	
	350

	Soya hulls
	
	
	
	150
	
	
	
	
	
	
	
	
	
	

	Citrus pulp
	
	150
	
	
	
	
	
	
	
	
	
	
	
	

	Molaferm
	30
	
	30
	
	20
	
	20
	
	30
	35
	30
	45
	30
	45

	Megalac
	
	
	
	
	40
	
	40
	
	
	
	
	
	
	

	Calcined magnesite
	
	
	
	
	
	
	
	
	100
	
	100
	
	100
	

	Mineral/vitamin
	35
	15
	35
	15
	30
	15
	30
	15
	
	35
	
	25
	
	25


Within each year of the study, the two medium feed value silages (Harvest 1 and 2) were offered in sequence, for a specified number of cow feeding days, the number of days being proportional to the herbage DM yield at each harvest.

During ration preparation, a mixer wagon with a built in chopping mechanism (Redrock 11FD Varicut) was used to chop and mix the silage bales (Years 1 and 2) and to mix the blocks of silage removed from the silos (Years 3 and 4).  The chopping/mixing time for the bales was approximately 15 minutes, while mixing times for silage from blocks was approximately 6 - 8 minutes.  With systems F-F and F-C, post chopping/mixing, the silage was transferred directly from the mixer wagon to feed boxes.  The latter were mounted on weigh cells, access to which was controlled by means of a Calan gate feeding system linked to automatic cow identification as described by Forbes et al. (1986).  With systems C-F and C-C, the pre-mixed concentrate feed stuff (in the form of a blend) was then added to the silage in the wagon and mixing continued for a further 6 - 8 minutes before the mixture was emptied into the feed boxes.  Animals were able to feed from a number of boxes, with an average of three animals sharing each box, the system being designed to allow individual animal intakes to be recorded.  Animals remained on these winter feeding regimes for a mean of 96 (s.d. 42.0), 103 (s.d. 55.9), 110 (s.d. 27.2), and 151 (s.d. 47.0) days in Years 1 to 4 respectively.
Transition between winter and full pasture feeding period (Years 1, 3 and 4)

On 25 February (Year 1), 7 March (Year 3) and 11 April (Year 4), the animals on each of systems F-F and C-F were grouped and given access to pasture, initially for approximately 2 hours per day, with this grazing period being increased according to ground conditions and grass availability.  By 25 March (Year 1), 3 April (Year 3) and 28 April (Year 4) animals were grazing from 08.30 to 17.30 h. (morning milking through to evening milking).  Until this time, animals continued to be offered their specified winter diets while indoors, with the full winter concentrate allowance (kg/day) being incorporated into the silage mix offered during the non-grazing part of the day with system C-F.  Thereafter, the concentrate allocation with system C-F was reduced and the 6.0 kg/day concentrate allowance with animals on system F-F removed.  Instead, 5.0 kg/day of a 'grazing concentrate' together with 0.5 kg/day of a 'high magnesium concentrate' (ingredient composition, Table 6) was offered to all animals on these two systems.  The 'high magnesium concentrate' was designed to provide 60 g calcined magnesite per cow/day.  Each of these two concentrates were split between two equal feeds per day, and offered in the parlour during milking.

Animals on systems F-C and C-C remained indoors on their full winter regimes until 1 April (Year 1), 28 March (Year 3) and 26 April (Year 4) at which stage the two groups were joined, and commenced grazing.  At turnout, animals on system C-C had their concentrate allocation reduced.  Shortly afterwards, animals on systems F-C had their allowance of high protein concentrate removed, while 5.0 and 0.5 kg/day of the 'grazing concentrate' and 'high-magnesium concentrate' respectively were introduced into the diet of all animals on systems F-C and C-C.

Animals on all four systems remained on these latter regimes until 24 hour turnout was achieved on 17 April (Year 1), 2 May (Year 3), and 4 May (Year 4). This transition period between the winter and full pasture feeding period was 51, 56 and 23 days in Year 1, 3 and 4 respectively.

Termination of the study in Year 2

In Year 2 of the study, animals on systems F-F and C-F were grouped and given access to pasture on 11 March, with the time spent grazing increasing gradually so that by 8 April animals on systems F-F and C-F had access to grazing for approximately 5 hours per day, while those on systems F-C and C-C were still housed for 24 hours per day.  However, a disease outbreak necessitated the termination of the study at this stage.  Animals were maintained on their 8th April management regimes until slaughter on 30 April.  At slaughter, the carcasses of a number of the animals (n = 48) were sampled and subjected to chemical analysis as described later.

Pasture period 

Once 24 h turnout was achieved in each of Years 1, 3 and 4, animals on systems F-F and C-F had their grazing concentrate allocation reduced gradually until only 0.5 kg/day of the high magnesium concentrate remained in the diet.  Throughout the summer this group of animals was managed within a flexible grazing management regime, designed to achieve a herbage allowance (measured above a height of 4.0 cm) of 22.0 (Year 3) or 23.0 (Years 1 and 4) kg DM per cow day.  In addition to offering a high herbage allowance, every effort was made to offer high quality herbage throughout the season, with grass ‘topping’ being undertaken to a height of 6.0 - 8.0 cm on a number of occasions throughout the grazing season when deemed necessary.  Herbage not required for grazing within any cycle was cut and removed from the system in the form of big-bale silage.

The set herbage allowance within this system was achieved as follows: on two days each week (Monday and Thursday), 5 strips, each measuring 1.0 m x approximately 5.0 m, were harvested from 5 randomly selected sites within the area that the animals were due to commence grazing that evening.  Strips were harvested using a reciprocating knife bar mower (Agria) with a 1.0 m wide blade, set to leave a residual stubble height of 4.0 cm.  Herbage harvested from the five strips was bulked, weighed, and its DM concentration determined using a microwave oven.  Using the DM determined in the microwave, herbage DM yield was determined and used to calculate the grazing area necessary to achieve the appropriate herbage allowance.  In addition, the oven DM concentration of the herbage was also determined and the herbage allowance actually achieved (oven DM basis), subsequently determined.  During the remaining 5 days of each week, herbage yields were estimated by a single operator by visual assessment, the twice weekly measures of yield being used for visual calibration.

Animals on systems F-C and C-C were maintained within a rotational paddock grazing system throughout the grazing season.  Each paddock had an area of 0.32 ha (Year 1) or 0.30 ha (Years 3 and 4) and was grazed for 24 hours. This paddock system was designed to start with a 19 - 20 day grazing cycle, with additional paddocks being incorporated into the system as the season progressed.  However on a number of occasions during the course of the study, this system was modified to take account of herbage shortages or excesses.  Areas grazed as part of the paddock grazing regime were not topped throughout the season.  After full turnout was achieved in each year of the study, concentrate allocations for animals on systems F-C and C-C were determined as follows: the grazing season was divided into a series of four-week periods, and milk sustainable from grass during each four-week period calculated using published data for the milk production potential of ad libitum high quality grazed grass over the grazing season (Mayne et al., 1991).  In view of the high stocking rates used in this study, these values for ‘milk sustainable from grass’ were arbitrarily reduced by proportionally 0.2 and 0.3 for multiparous and first lactation animals respectively.  At the beginning of each of these four-week periods, the difference between each animal’s current milk yield (based on the mean yield for the previous 14 days) and milk sustainable from grass for the four-week period was determined.  The level of supplementation required to sustain a milk output above that which grazed grass was able to support, was calculated using the following assumptions: ME concentration of the grazing concentrate, 12.7 MJ/kg DM (based on published values for individual ingredients, AFRC, 1993); ME concentration of grazed grass, 11.9 MJ/kg DM (Cushnahan et al., 1995); substitution rate of grass DM per kg concentrate DM, 0.25 (Grainger and Mathews, 1989); ME required for milk production, 5.0 MJ/kg milk.  Of the calculated daily concentrate allowance, 0.5 kg/day was offered in the form of the ‘high magnesium’ concentrate, the remainder as the standard grazing concentrate.  Minimum and maximum concentrate allocations were set at 0.5 and 7.0 kg/day, with the daily concentrate allowance being divided between two equal feeds, offered in the parlour during morning and evening milking.  As with the flexible grazing regime (systems F-F and C-F), the quantity of herbage in the paddock that animals were due to commence grazing was measured twice weekly.

Areas set aside for early turnout (Systems F-F and C-F) received 56 kg N ha, in the form of urea, on 2 February, 5 February, 28 February and 13 February in Years 1 - 4 respectively, with the remainder of the grazing area receiving a similar urea application 1 - 3 weeks later.  Areas grazed before 20 March (Year 1) and 31 March (Years 3 and 4) received 28 kg N/ha in the form of urea post grazing.  Thereafter, fertiliser application rates within both grazing regimes were set at 67 kg N/ha until the end of June, 50 kg N per ha during July and 33 kg N/ha thereafter, with no fertiliser being sown after 15 September in any year of the study.  These latter applications were in the form of calcium ammonium nitrate (CAN), with the exception of a single cycle during the month of July in Years 3 and 4 during which compound fertiliser (21:0:14) was sown.

Animals on both grazing regimes were given access to a fresh area of pasture following evening milking.  The mean length of this grazing period was 160 (s.d. 30.6), 145 (s.d. 30.8) and 147 (s.d. 31.0) days in Years 1, 3 and 4 respectively.

Late lactation

Animals were maintained within these grazing regimes until 21 October (Year 1), 2 November (Year 3) and 25 October (Year 4), at which stage animals from systems F-F and F-C, and from systems C-F and C-C were regrouped and housed.  Animals on systems F-F and F-C were offered ad libitum access to the high feed value silage produced that year, without concentrate supplementation, while animals on systems C-F and C-C, were offered ad libitum access to a complete diet consisting of the medium feed value silage produced that year, together with the concentrate supplement being offered to the freshly calved animals on the study.  This supplement was incorporated into the mix so as to achieve a concentrate input of 4.0, 3.0 and 3.5 kg/cow/day in Years 1, 3 and 4 respectively, the concentrate level being determined by the milk yield of the cows at housing, and the predicted milk yield supporting potential of the silages being offered.  In addition, a mineral vitamin mix was sprinkled over the silage offered to these late lactation cows at a rate equivalent to either 80 g (F-F and F-C) or 50 g (C-F and C-C) per cow per day.  The mean length of this late lactation period was 13, 6 and 18 days in Years 1, 3 and 4 respectively.

Dry period 

Primiparous and multiparous animals were dried off at 8 and 6 weeks pre-calving respectively, or if weekly average yields fell below 6.0 kg/day.  Animals dried off before 11 September (Year 1), 7 September (Year 3) and 23 August (Year 4) remained within their grazing groups without concentrate supplementation.  Thereafter, and until 2 November (Year 1) or 7 November (Year 3), all dry cows from the study were kept within a single grazing group on silage aftermath.  During this period, animals within 2 weeks of their projected calving dates were housed and offered ad libitum access to either the high or medium feed value silage as appropriate, supplemented with 2.0 kg/day of mineralised barley via an out-of-parlour feeding system.  After the remainder of the dry cows were housed, those on systems F-F and F-C were offered high feed value silage unsupplemented, except for the two week period pre-calving when 2.0 kg/day mineralised barley was incorporated into the mix.  With systems C-F and C-C, animals were offered the medium feed value silage, supplemented with between 1.0 and 3.0 kg/day of mineralised barley throughout the dry period.  In Year 4, animals were removed from the study as soon as they were dried off, and no dry period measurements were made.

Culling
A number of animals [n = 4 (Year 1), n = 3 (Year 2) and n = 3 (Year 4)] were either removed from the study during the course of a lactation, or their data excluded from the subsequent analysis, for reasons detailed later.  In addition, 14 and 23 animals were removed from the study on completion of Years 1 and 3 respectively.  Animals being culled at the end of a lactation for reasons other than infertility were dried off either six or eight weeks pre-calving, according to parity, and removed from the experimental group.  Animals were culled from the study as ‘infertile’ if they were not in calf when artificial insemination was terminated on 30 June during each of Years 1, 3 or 4.  Animals being culled as ‘infertile’ remained on their experimental system for the mean number of days within the specific lactation as the remaining animals on that system, before being removed from the study.

Replacement animals

Animals culled either during or on completing of Years 1 and 3 were replaced during the following lactation.  Replacement animals in Year 2 comprised one multiparous animal per system, with the remainder being primiparous.  In Year 4, all replacements animals were primiparous.  Most replacement animals calved down and entered the herd during September/October.

Breeding management

During the study all cows were bred using artificial insemination.  In each year of the study, no cow was bred before 10 December, while in addition, no cow was bred before day 42 post calving.  Cows were not subjected to any fertility treatments until they were more than 42 days calved.  The exception to this was animals with uterine discharges/infection, in which case treatment was given as soon as the problem was identified.  Cows which had not been seen cycling within 42 days of calving were examined by a Veterinary Surgeon, and if necessary, treated as appropriate.

Health management

Animals suffering from any health problems were treated by either a Veterinary surgeon or a member of Institute staff, as appropriate.

Measurements

Throughout the study, animals were milked twice daily, between 07.30 and 08.30 h and between 17.30 and 18.30 h, with milk yields being recorded at each milking.  Milk samples, in proportion to yield, were taken at each milking, for three consecutive days, on alternate weeks throughout the trial.  The three-day composite sample for each cow was analysed for fat, protein and lactose concentrations using a Milkoscan Model 605 (Foss Electric, Hillerød, Denmark).  The Calan gate feeding system enabled intakes of animals to be measured daily during the winter period.  Herbage intakes during the transitional grazing period were calculated from pre- and post-grazing sward height measurements, measured daily in a ‘W’ formation from 40 locations within the grazing areas using a rising plate meter (Ashgrove Pasture Meter - Hamilton, New Zealand).  These grass heights were translated to DM yields using the prediction equation presented by Gordon et al. (2000).  During the main grazing seasons mean herbage intakes for each group were determined weekly, based on pre- and post-grazing clips, as follows: within each of the 5 strips harvested with the Agria mower, an additional 2 strips, each measuring 1.0 m x 0.1 m were harvested to ground level using battery powered hand clippers with a 10 cm wide blade (Gardenia, Donau, Germany).  In addition, on the day following grazing, twenty 1.0 m x 0.1 m strips were selected at random from throughout each of the grazed areas, and harvested to ground level.  These ground level clips were bulked for each area pre- and post-grazing, washed to remove soil and faecal contamination, and the sample dried.  The respective weights of these dried samples represent the pre-grazing DM yield below a height of 4.0 cm in an area measuring 1.0 m2 and the residual post grazing DM yield to ground level in an area measuring 2.0 m2.  Based on the areas grazed and the number of animals in each group, herbage intakes were calculated as the difference between total herbage yield pre- and post-grazing.  In addition, the rising plate meter was used daily to record pre- and post-grazing sward heights during the entire grazing season, as described earlier.

Live weights were recorded weekly throughout the study.  Condition scores were recorded immediately post calving, pre-early turnout, at drying off, and at fortnightly intervals throughout the lactation.  In addition, ultrasonic scanning equipment was used to obtain in vivo measurements of backfat thickness and the cross-sectional area of the longissimus dorsi muscle at the same time intervals as condition scoring was undertaken.  Techniques and equipment used for the latter have been described by Ferris et al. (1999).  Records of all fertility and health treatments given to the animals were recorded.

During each of the silage harvests, one herbage sample per every 20 bales produced was taken from throughout the swaths immediately before baling (Years 1 and 2), while in Years 3 and 4, one herbage sample was taken from throughout every three loads of herbage after tipping in front of the silo.  Each sample was divided into three, one sub-sample being analysed fresh for nitrogen and buffering capacity, with the remaining sub-samples being dried at either 60oC or 100oC.  The dried samples were bulked for every 40 bales (Years 1 and 2), and for every 6 loads of herbage (Years 3 and 4).  Herbage samples dried at 60oC were analysed for water soluble carbohydrate (WSC) concentrations while those dried at 100oC were analysed for gross energy (GE), acid detergent fibre (ADF), neutral detergent fibre (NDF) and ash concentrations.  Silage DM concentrations were determined daily throughout the winter feeding period.  Dried silage samples were bulked for each two week period and the bulked samples analysed for ash, ADF and NDF concentrations.  Twice weekly, fresh samples of the silages offered were analysed for toluene DM, nitrogen, pH, ammonia nitrogen, alcohols, volatile fatty acids and GE concentrations.  In addition, twice weekly, silage samples were dried at 60oC with the samples being bulked for each two-week period and analysed for WSC concentrations.  Bulked samples of the concentrate supplements offered during each four-week period throughout the full experiment were analysed for oven DM concentration, with the dried samples being analysed for nitrogen, ADF, NDF, ash and GE concentrations.  Chemical analyses were undertaken as described by Cushnahan and Gordon (1995), while the GE concentration of fresh silage was determined as described by Porter (1992).

The digestibility of each of the twenty four silages offered during the course of the study was determined using four castrated male sheep confined in digestibility crates.

Statistical analysis

Within each year of the study, the effect of harvest on the chemical composition of the herbages ensiled and on the silages produced was examined using individual sample data as a replicate.  Similarly, within each year of the study, the effect of harvest on the digestibility of the silages offered was examined using data from each individual sheep as a replicate.  Animal performance data within each year of the study were analysed by ANOVA as a 4 treatment completely randomised design, with, in the case of systems from which animals were removed for health reasons, an unequal number of replicates per treatment.  As a consequence of the systems based nature of the study, no attempt was made to statistically equalize period length across systems, the unequal period lengths being a consequence of culling animals during the study, and differences in mean conception dates between systems.  However total DM intake data and total milk output data were adjusted using period length, in days, as a covariate, with the adjustment being restricted to within each system.  This was achieved by calculating the difference between the individual animal values for a specific variable and the mean of all values within a system, and using these calculated differences as covariates.  All measures of live weight, condition score, backfat thickness and eye muscle area were adjusted using the appropriate Year 1 or Year 3 post-calving value as a covariate.  In the case of replacement animals in Year 2 and 4, the appropriate Year 2 or Year 4 post calving values were used as covariates. 
Results

Silage production and composition

Fertiliser and slurry applications employed in the production of the high and medium feed value silages are given in Table 7, while the yields of herbage DM harvested during each year of the study are given in Table 8.  Across the four years of the study, total fertiliser nitrogen inputs used in the production of the high and medium feed value silages averaged 311 and 223 kg per ha respectively, while the mean yield of herbage DM harvested within the high and medium feed value silage production systems was 11.8 and 12.8 t DM/ha respectively.

The chemical composition of the herbages ensiled in each of the four years of the study are given in Tables 9 - 12 respectively.  Across the four years of the study, herbage harvested within the four harvest system tended to have higher DM (313 g/kg) and crude protein (164 g/kg DM) concentrations, and lower ADF concentrations (277 g/kg) than herbage harvested within the two harvest system (respective DM, crude protein and ADF concentrations = 212 g/kg, 118 g/kg DM and 329 g/kg DM).  The DM, crude protein and fibre concentrations of the resulting silages followed a similar trend (Tables 13 - 16), with the mean values being 303 g/kg, 165 g/kg DM and 293 g/kg DM with the high feed value silages and 204 g/kg, 120 g/kg DM and 359 g/kg DM with the medium feed value silages respectively.  In addition, the ammonia nitrogen concentrations of the medium feed value silages (115 g/kg total N) tended to be higher than for the high feed value silages (88 g/kg total N).  Other fermentation parameters tended to be extremely variable between harvests within each year of the study, and between the different years of the study.  The digestibility coefficients for each of the parameters measured (Tables 17 - 20) tended to be higher for the high compared to the medium feed value silages.  Across the four years of the study, the mean ME concentrations of the medium feed value silages were 10.6 and 10.5 MJ/kg DM (Harvests 1 and 2), compared to values of 12.6, 12.5, 11.4 and 12.0 MJ/kg DM (Harvests 1 - 4) for the high feed value silages.

Concentrate feedstuffs

The chemical composition of all concentrate feedstuffs offered during the course of the study is summarised in Table 21.  The mean crude protein concentration of the concentrate feed stuffs offered during the winter feeding periods was 293 g/kg DM for systems F-F and F-C, and 213 g/kg DM for systems C-F and C-C respectively, while the grazing concentrate had a mean crude protein concentration of 196 g/kg DM.

Grazing data

Total fertiliser inputs over the course of the grazing season in Years 1, 3 and 4 of the study, together with actual nitrogen and potash (K2O) applications per ha, are given in Tables 22 and 23 respectively.  Mean nitrogen and potash (K2O) applications were 387 and 25 kg/ha with the lax grazing system (F-F and C-F), and 422 and 22 kg/ha with the tight grazing system (F-C and C-C).

Data relating to the sward measurements taken during the transitional grazing and full grazing periods in Years 1, 3 and 4 of the study are summarised in Tables 24 - 26.  Mean herbage intakes during the transitional grazing period were 7.3 kg/cow/day for systems F-F and C-F and 4.0 kg/cow/day for systems F-C and C-C respectively.  In each year of the study, pre and post grazing sward heights were higher with animals managed on the lax grazing systems compared to those managed on the tight grazing systems.  Mean herbage allocations (above a height of 4.0 cm) with the lax and tight grazing systems were 22.4 and 16.8 kg DM/cow/day respectively, while the mean concentrate DM intake with the tight grazing systems was 3.5 kg DM/cow per day.

Intakes

Data relating to silage, concentrate and herbage dry matter intakes are summarised in Tables 27 – 30.  During each of the four years of the study, total silage DM intake during the winter period was significantly higher with systems F-F and F-C, than for systems C-F and C-C (P<0.001), while the reverse was true for concentrate DMI.  However total DM intake over the winter period was unaffected by system (P>0.05), except during Year 2 of the study (P<0.001).  During each of the grazing periods in Years 1, 3 and 4, concentrate DM intakes were significantly lower with systems F-F and C-F than for systems F-C and C-C, while the reverse was true for grass DM intakes (P<0.001).  Across the entire lactation in each of Years 1, 3 and 4 of the study, system had a significant effect on total concentrate, silage and herbage DM intakes, while system also had a significant effect on total DM intakes in Years 3 and 4 (P<0.001).  System had a significant effect on silage and concentrate DM intakes during the dry period in each of Years 1 and 3 (Table 31), with silage intakes being higher with systems F-F and F-C and concentrate intakes being higher with systems C-F and C-C (P(0.05).

Milk yield data

Total milk output during the winter and transitional grazing period (Tables 32 - 35) was unaffected by system during any year of the study (P>0.05), while total milk output during the grazing period was unaffected by system, except in Year 4 of the study.  In the latter, milk output associated with system C-F was significantly lower than for any other system (P<0.05).  Milk fat concentration during the winter period was unaffected by system during any year of the study (P>0.05), while milk protein concentration was higher with systems C-F and C-C than for systems F-F and F-C during Years 2, 3 and 4 of the study (P<0.001).  Milk composition was unaffected by system during the grazing periods in Years 1 and 4 of the study (P>0.05), while animals on system F-C had a significantly lower milk fat concentration during Year 3 of the study compared to system C-F (P<0.05).  However, neither lactation milk output nor lactation milk fat concentration was affected by system in any year of the study (P>0.05), while total lactation milk protein concentration was somewhat higher with systems C-F and C-C than with systems F-F and F-C in Years 2, 3 and 4 (P<0.001).

Body tissue reserves

The effect of system on indicators of body tissue reserves are presented in Tables 36 (Years 1 and 2) and 37 (Years 3 and 4), while liveweight and condition score changes over the first 40 weeks of lactation are illustrated in Figures 1 (Year 1), 2 (Year 3) and 3 (Year 4).  In addition, mean liveweight and condition score changes in Years 1, 3 and 4 are presented in Figure 4.  System had no effect on any of the parameters examined in Year 1, while in Year 2, animals on system F-C started the lactation with a significantly higher condition score than those on system C-C (P<0.05), while those on systems C-F and C-C had a significantly higher live weight at the end of the study compared to those on systems F-F and F-C (P<0.01).  In Year 3, animals on system C-C completed the winter period with a significantly higher condition score, live weight and eye muscle area than those on the high forage winter regimes.  This difference in eye muscle area continued until the end of the lactation, and in fact to the end of the following lactation.  In Year 4, animals on systems C-F and C-C completed the winter with a significantly higher live weight than those on systems F-F and 
F-C.  Mean data from Years 1, 3 and 4 indicated that live weight losses averaged approximately 20 kg across the first 5 weeks of lactation, with gains in live weight thereafter.  Similarly, condition score losses averaged approximately 0.25 of a score across the first 10 weeks of lactation, with gains thereafter.  System appeared to have relatively little effect on live weight and condition score trends, although live weights with systems F-F and F-C tended to be lower than those for systems C-F and C-C across the course of the lactation.

The number of incidences of stomach upset, high temperature, milk fever, ketosis and pneumonia recorded with each system in each of the four years of the study are presented in Table 38, along with the mean number of incidences of mastitis and lameness per animal.  System had no significant effect on the mean number of incidences of mastitis or lameness recorded in any year of the study (P>0.05).  Similarly, system has no significant effect (P>0.05) on any of the fertility parameters examined across Years 1, 3 or 4 of the study (Table 39).  Reasons for culling animals both during and on completion of each year of the study are presented in Table 40.
Table 7
Fertiliser and slurry applications on land used for silage production

	
	Fertiliser nitrogen (kg N/ha)
	
	Approximate slurry applications

	
	Year 1
	Year 2
	Year 3
	Year 4
	
	Year 1
	Year 2
	Year 3
	Year 4

	High feed value silage
	
	
	
	
	
	
	
	
	

	Pre-harvest 1 - 1st dressing
	68a
	57a
	61a
	58a
	
	
	25,000 l/ha cattle/pig slurry
	28,000 l/ha dilute cattle slurry
	28,000 l/ha pig slurry

	Pre-harvest 1 - 2nd dressing
	73b
	27b
	42c
	42c
	
	
	
	
	

	Post harvest 1
	60b
	69b
	68c
	71c
	
	33,000 l/ha dirty water/slurry mix
	
	
	34,000 l/ha dirty water/pig slurry

	Post harvest 2
	70b
	67b
	61c
	62c
	
	33,000 l/ha dirty water/slurry mix
	22,000 l/ha dilute pig slurry
	
	

	Post harvest 3
	76b
	81b
	68c
	61c
	
	33,000 l/ha dirty water/slurry mix
	15,000 l/ha dilute pig slurry
	
	

	Total
	347
	301
	300
	294
	
	
	
	
	

	Medium feed value silage
	
	
	
	
	
	
	
	
	

	Pre-harvest 1 - 1st dressing
	55a
	57a
	57a
	44a
	
	
	25,000 l/ha cattle/pig slurry
	17,000 l/ha cattle slurry
	33,000 l/ha cattle slurry

	Pre-harvest 1 - 2nd dressing
	71b
	46b
	44c
	80c
	
	
	
	28,000 l/ha dilute cattle slurry
	28,000 l/ha dilute pig slurry

	Post harvest 1
	117b
	113b
	108c
	100c
	
	33,000 l/ha cattle slurry
	22,000 l/ha dilute cattle slurry
	34,000 l/ha pig/cattle slurry
	22,000 l/ha cattle slurry

	Total
	243
	216
	209
	224
	
	
	
	
	


a = Urea nitrogen      b = Calcium ammonium nitrate      c = Compound fertiliser (21:0:14)

Table 8
Yield of herbage harvested in the production of the high and medium feed value silage (t DM/ha)

	
	Year 1
	Year 2
	Year 3
	Year 4
	Mean Years 1-4

	High feed value silage
	
	
	
	
	

	Harvest 1
	4.5
	4.5
	3.8
	4.1
	4.21

	Harvest 2
	2.1
	2.5
	2.2
	2.7
	2.37

	Harvest 3
	2.9
	2.7
	3.6
	3.1
	3.08

	Harvest 4
	2.3
	1.7
	2.2
	2.4
	2.15

	Sum
	11.8
	11.4
	11.8
	12.2
	11.8

	Medium feed value silage
	
	
	
	
	

	Harvest 1
	6.8
	7.6
	8.1
	8.0
	7.62

	Harvest 2
	4.7
	5.1
	5.4
	5.3
	5.12

	Sum
	11.5
	12.7
	13.5
	13.3
	12.8


Table 9
Chemical composition of herbage ensiled in Year 1 (g/kg DM, unless stated otherwise) 

	
	2 harvest system
	
	4 harvest system
	s.e.m.
	Significance

	
	Harvest 1
	Harvest 2
	
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	

	Oven dry matter (g/kg)
	246
	192
	
	325
	327
	312
	341
	9.6
	***

	Crude protein
	130
	127
	
	175
	165
	170
	167
	7.0
	***

	Buffering capacity
(mequiv. per kg DM)
	210
	326
	
	263
	310
	328
	242
	16.0
	***

	Neutral detergent fibre
	641
	621
	
	585
	558
	585
	594
	9.4
	***

	Acid detergent fibre
	325
	329
	
	274
	252
	277
	271
	7.4
	***

	Ash
	62
	110
	
	71
	80
	80
	86
	7.3
	***

	Water soluble carbohydrate
	172
	116
	
	187
	210
	173
	150
	13.2
	***

	Gross energy (MJ/kg DM)
	18.8
	17.9
	
	18.8
	18.7
	18.9
	18.9
	0.17
	***


Table 10
Chemical composition of herbage ensiled in Year 2 (g/kg DM, unless stated otherwise)

	
	2 harvest system
	
	4 harvest system
	s.e.m.
	Significance

	
	Harvest 1
	Harvest 2
	
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	

	Oven dry matter (g/kg)
	239
	234
	
	360
	229
	268
	331
	19.5
	***

	Crude protein
	111
	125
	
	148
	185
	161
	189
	6.1
	***

	Buffering capacity
(mequiv. per kg DM)
	212
	289
	
	224
	451
	291
	286
	24.2
	***

	Neutral detergent fibre
	641
	589
	
	613
	603
	549
	549
	9.6
	***

	Acid detergent fibre
	337
	308
	
	304
	284
	251
	259
	6.4
	***

	Ash
	54
	66
	
	64
	75
	67
	73
	4.1
	***

	Water soluble carbohydrate
	172
	182
	
	191
	156
	212
	180
	10.4
	**

	Gross energy (MJ/kg DM)
	18.7
	18.5
	
	18.8
	19.1
	19.0
	19.2
	0.07
	***


Table 11
Chemical composition of herbage ensiled in Year 3 (g/kg DM, unless stated otherwise)

	
	2 harvest system
	
	4 harvest system
	s.e.m.
	Significance

	
	Harvest 1
	Harvest 2
	
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	

	Oven dry matter (g/kg)
	198
	220
	
	273
	273
	305
	279
	8.7
	***

	Crude protein
	107
	115
	
	161
	154
	139
	169
	4.8
	***

	Buffering capacity
(mequiv. per kg DM)
	178
	222
	
	186
	320
	257
	359
	13.7
	***

	Neutral detergent fibre
	657
	613
	
	613
	547
	596
	571
	12.1
	***

	Acid detergent fibre
	359
	332
	
	283
	265
	315
	268
	9.6
	***

	Ash
	76.2
	92.8
	
	88.8
	94.0
	111.1
	111.5
	4.71
	***

	Water soluble carbohydrate
	160
	152
	
	154
	224
	158
	186
	12.5
	***

	Gross energy (MJ/kg DM)
	18.4
	18.2
	
	18.7
	18.5
	18.1
	18.6
	0.08
	***


Table 12
Chemical composition of herbage ensiled in Year 4 (g/kg DM, unless stated otherwise)

	
	2 harvest system
	
	4 harvest system
	s.e.m.
	Significance

	
	Harvest 1
	Harvest 2
	
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	

	Oven dry matter (g/kg)
	150
	214
	
	341
	314
	402
	329
	9.8
	***

	Crude protein
	116
	115
	
	163
	172
	140
	170
	4.0
	***

	Buffering capacity
(mequiv. per kg DM)
	297
	231
	
	274
	262
	211
	274
	28.1
	ns

	Neutral detergent fibre
	648
	591
	
	570
	564
	558
	602
	6.7
	***

	Acid detergent fibre
	342
	298
	
	262
	278
	268
	323
	6.01
	***

	Ash
	74
	82
	
	87
	97
	88
	104
	2.7
	***

	Water soluble carbohydrate
	153
	174
	
	188
	184
	199
	176
	10.2
	**

	Gross energy (MJ/kg DM)
	18.5
	18.2
	
	18.7
	18.7
	18.3
	18.4
	0.05
	***


Table 13
Chemical composition of silages offered in Year 1 (g/kg alcohol corrected toluene DM, unless stated otherwise)

	
	Medium feed value
	
	High feed value
	s.e.m.
	Significance

	
	Harvest 1
	Harvest 2
	
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	

	Oven dry matter (g/kg)
	215
	185
	
	275
	282
	286
	308
	8.7
	***

	Alcohol corrected toluene DM
	233
	196
	
	282
	288
	293
	323
	8.0
	***

	Crude protein
	146
	129
	
	173
	179
	184
	174
	6.5
	***

	Ammonia N (g/kg total N)
	153
	123
	
	105
	83
	105
	89
	16.0
	***

	pH
	4.15
	4.01
	
	4.25
	4.19
	4.20
	4.25
	0.073
	*

	Lactate
	65.3
	87.5
	
	84.2
	84.5
	77.4
	71.7
	11.05
	NS

	Acetate
	18.9
	25.3
	
	15.4
	18.6
	22.8
	16.9
	1.99
	***

	Propionate
	2.7
	2.4
	
	0.7
	0.6
	1.3
	1.0
	0.63
	**

	Butyrate
	18.2
	5.2
	
	3.4
	3.7
	2.7
	2.8
	1.96
	***

	Neutral detergent fibre
	567
	575
	
	508
	486
	518
	538
	12.8
	***

	Acid detergent fibre
	343
	348
	
	290
	275
	306
	314
	12.5
	***

	Ash
	95
	118
	
	87
	95
	94
	91
	6.9
	***

	Water soluble carbohydrate
	7.8
	10.8
	
	54.0
	27.8
	30.0
	16.3
	8.42
	***

	Gross energy (MJ/kg DM)
	18.5
	17.1
	
	18.4
	18.8
	19.0
	18.3
	0.51
	**


Table 14
Chemical composition of silages offered during Year 2 (g/kg alcohol corrected toluene DM, unless stated otherwise)

	
	Medium feed value 
	
	High feed value 
	s.e.m.
	Significance

	
	Harvest 1
	Harvest 2
	
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	

	Oven dry matter (g/kg)
	194
	201
	
	343
	214
	224
	287
	7.3
	***

	Alcohol corrected toluene dry matter (g/kg)
	206
	211
	
	348
	221
	231
	293
	7.46
	***

	Crude protein
	125
	131
	
	159
	177
	167
	191
	2.87
	***

	Ammonia N (g/kg total N)
	121
	120
	
	96
	86
	113
	89
	5.8
	***

	pH
	4.20
	4.07
	
	4.65
	4.11
	4.08
	4.20
	0.048
	***

	Lactate
	49.2
	83.9
	
	30.3
	74.9
	91.4
	95.8
	5.31
	***

	Acetate
	11.5
	17.6
	
	5.6
	16.0
	16.6
	16.3
	1.17
	***

	Propionate
	1.4
	1.4
	
	0.7
	0.5
	1.5
	0.5
	0.22
	***

	Butyrate
	8.4
	5.6
	
	4.0
	2.5
	3.4
	1.8
	1.25
	***

	Neutral detergent fibre
	597
	587
	
	513
	488
	473
	461
	11.9
	***

	Acid detergent fibre
	354
	347
	
	301
	289
	285
	283
	6.5
	***

	Ash
	70
	76
	
	77
	79
	89
	94
	4.1
	***

	Water soluble carbohydrate
	18
	26
	
	78
	25
	23
	37
	5.9
	***

	Gross energy (MJ/kg DM)
	19.3
	18.7
	
	19.4
	19.6
	18.7
	19.3
	
	


Table 15
Chemical composition of silages offered during Year 3 (g/kg volatile corrected oven DM, unless stated otherwise)

	
	Medium feed value
	
	High feed value
	s.e.m.
	Significance

	
	Harvest 1
	Harvest 2
	
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	

	Oven dry matter (g/kg)
	194
	184
	
	235
	257
	289
	268
	6.0
	***

	Volatile corrected oven DM (g/kg)
	212
	198
	
	259
	284
	307
	290
	6.9
	***

	Crude protein
	101
	111
	
	156
	149
	131
	163
	4.2
	***

	Ammonia N (g/kg total N)
	102
	109
	
	109
	65
	102
	73
	6.8
	***

	pH
	3.94
	3.95
	
	4.27
	3.75
	4.18
	3.92
	0.042
	***

	Lactate
	72.3
	85.3
	
	75.3
	145.7
	71.0
	118.1
	9.11
	***

	Acetate
	34.2
	21.0
	
	30.4
	18.6
	15.5
	18.4
	2.18
	***

	Propionate
	3.0
	3.3
	
	3.1
	0.1
	2.3
	0.2
	0.39
	***

	Butyrate
	4.9
	3.8
	
	11.6
	0.6
	5.8
	0.4
	1.60
	***

	Acid detergent fibre
	385
	376
	
	319
	309
	334
	325
	14.4
	***

	Neutral detergent fibre
	629
	614
	
	512
	504
	554
	520
	23.7
	***

	Ash
	70
	82
	
	100
	95
	107
	124
	5.3
	***

	Water soluble carbohydrate
	7.8
	6.8
	
	10.5
	16.4
	25.4
	15.6
	2.76
	***

	Gross energy (MJ/kg DM)
	18.3
	18.3
	
	18.9
	17.8
	17.8
	17.3
	0.26
	***


Table 16
Chemical composition of silages offered in Year 4 (g/kg volatile corrected oven DM, unless stated otherwise)

	
	Medium feed value
	
	High feed value
	s.e.m.
	Significance

	
	Harvest 1
	Harvest 2
	
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	

	Oven dry matter (g/kg)
	150
	193
	
	324
	290
	397
	340
	6.3
	***

	Volatile corrected oven DM (g/kg)
	163
	211
	
	345
	315
	413
	361
	6.7
	***

	Crude protein
	105
	115
	
	170
	166
	144
	162
	3.8
	***

	Ammonia N (g/kg total N)
	115
	75
	
	105
	75
	57
	69
	4.8
	***

	pH
	4.34
	3.63
	
	4.29
	4.00
	4.17
	4.06
	0.094
	***

	Lactate
	20
	114
	
	64
	104
	48
	77
	7.9
	***

	Acetate
	45.0
	17.5
	
	20.3
	22.0
	13.4
	11.6
	2.56
	***

	Propionate
	4.4
	0.7
	
	2.5
	0.1
	0.1
	0.1
	0.37
	***

	Butyrate
	2.3
	1.5
	
	3.3
	3.1
	0.5
	0.8
	0.8
	**

	Neutral detergent fibre
	641
	563
	
	459
	445
	483
	452
	13.8
	***

	Acid detergent fibre
	384
	337
	
	272
	256
	274
	259
	8.5
	***

	Ash
	66
	81
	
	95
	103
	93
	105
	3.2
	***

	Water soluble carbohydrate
	3.9
	8.2
	
	32.4
	7.6
	95.6
	69.9
	5.8
	***

	Gross energy (MJ/kg DM)
	18.7
	18.4
	
	18.8
	17.9
	18.1
	18.2
	0.26
	**


Table 17
Digestibility coefficients and metabolisable energy concentrations of silages offered in Year 1, as determined using sheep

	
	Medium feed value
	
	High feed value
	s.e.m.
	Significance

	
	Harvest 1
	Harvest 2
	
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	

	Dry matter
	0.687
	0.693
	
	0.797
	0.784
	0.788
	0.808
	0.0079
	***

	Nitrogen
	0.622
	0.668
	
	0.734
	0.736
	0.740
	0.749
	0.0174
	***

	Energy
	0.692
	0.706
	
	0.791
	0.781
	0.776
	0.795
	0.0082
	***

	Organic matter
	0.728
	0.746
	
	0.821
	0.817
	0.814
	0.831
	0.0074
	***

	Neutral detergent fibre
	0.701
	0.721
	
	0.790
	0.791
	0.789
	0.819
	0.0100
	***

	Acid detergent fibre
	0.736
	0.750
	
	0.808
	0.814
	0.806
	0.835
	0.0094
	***

	DOMD 
	0.652
	0.669
	
	0.756
	0.736
	0.737
	0.752
	0.6740
	***

	Metabolisable energy 
(MJ/kg DM)†
	10.5
	10.5
	
	12.9
	12.2
	11.9
	12.6
	0.16
	***


†  Determined assuming a methane energy loss of 0.08 gross energy intake (MAFF, 1975), with urine energy being determined directly

Table 18
Digestibility coefficients and metabolisable energy concentrations of silages offered in Year 2, as determined using sheep

	
	Medium feed value
	
	High feed value
	s.e.m.
	Significance

	
	Harvest 1
	Harvest 2
	
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	

	Dry matter
	0.673
	0.656
	
	0.768
	0.776
	0.752
	0.767
	0.0137
	***

	Nitrogen
	0.605
	0.561
	
	0.701
	0.735
	0.703
	0.759
	0.0254
	***

	Energy
	0.655
	0.668
	
	0.764
	0.777
	0.748
	0.772
	0.0146
	***

	Organic matter
	0.691
	0.707
	
	0.785
	0.802
	0.792
	0.818
	0.0153
	***

	Neutral detergent fibre
	0.649
	0.714
	
	0.779
	0.818
	0.797
	0.819
	0.0206
	***

	Acid detergent fibre
	0.695
	0.757
	
	0.829
	0.857
	0.833
	0.843
	0.0192
	***

	DOMD 
	0.640
	0.655
	
	0.726
	0.731
	0.723
	0.741
	0.0141
	***

	Metabolisable energy 
(MJ/kg DM)†
	10.1
	10.2
	
	12.6
	12.6
	11.3
	11.9
	0.30
	***


†  Determined assuming a methane energy loss of 0.08 gross energy intake (MAFF, 1975), with urine energy being determined directly

Table 19
Digestibility coefficients and metabolisable energy concentrations of silages offered in Year 3, as determined using sheep

	
	Medium feed value
	
	High feed value
	s.e.m.
	Significance

	
	Harvest 1
	Harvest 2
	
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	

	Dry matter
	0.663
	0.701
	
	0.785
	0.815
	0.753
	0.779
	0.0115
	***

	Nitrogen
	0.594
	0.646
	
	0.720
	0.738
	0.641
	0.681
	0.0158
	***

	Energy
	0.652
	0.680
	
	0.769
	0.802
	0.727
	0.778
	0.0082
	***

	Organic matter
	0.684
	0.729
	
	0.801
	0.836
	0.768
	0.821
	0.0087
	***

	Neutral detergent fibre
	0.654
	0.722
	
	0.766
	0.824
	0.741
	0.826
	0.0175
	***

	Acid detergent fibre
	0.675
	0.753
	
	0.798
	0.845
	0.765
	0.835
	0.0183
	***

	DOMD
	0.633
	0.662
	
	0.726
	0.759
	0.686
	0.724
	0.0079
	***

	Metabolisable energy 
(MJ/kg DM)†
	10.7
	10.5
	
	12.4
	13.0
	11.2
	12.2
	0.13
	***


†  Determined assuming a methane energy loss of 0.08 gross energy intake (MAFF, 1975), with urine energy being determined directly

Table 20
Digestibility coefficients and metabolisable energy concentrations of silages offered in Year 4, as determined using sheep

	
	Medium feed value
	
	High feed value
	s.e.m.
	Significance

	
	Harvest 1
	Harvest 2
	
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	

	Dry matter
	0.699
	0.702
	
	0.799
	0.745
	0.771
	0.798
	0.0144
	***

	Nitrogen
	0.501
	0.673
	
	0.744
	0.737
	0.667
	0.757
	0.0375
	***

	Energy
	0.679
	0.679
	
	0.776
	0.752
	0.744
	0.767
	0.0168
	***

	Organic matter
	0.720
	0.713
	
	0.812
	0.778
	0.789
	0.804
	0.0148
	***

	Neutral detergent fibre
	0.751
	0.689
	
	0.819
	0.759
	0.784
	0.761
	0.0196
	**

	Acid detergent fibre
	0.776
	0.715
	
	0.837
	0.738
	0.813
	0.773
	0.0192
	**

	DOMD 
	0.678
	0.654
	
	0.743
	0.695
	0.713
	0.718
	0.0134
	**

	Metabolisable energy 
(MJ/kg DM)†
	11.1
	10.7
	
	12.6
	12.1
	11.2
	11.4
	0.31
	**


†  Determined assuming a methane energy loss of 0.08 gross energy intake (MAFF, 1975), with urine energy being determined directly

Table 21
Chemical composition of concentrate feedstuffs offered (g/kg DM, unless stated otherwise)

	
	Systems F-F and F-C
	
	Systems C-F and C-C

	
	Year 1
	s.d.
	Year 2
	s.d.
	Year 3
	s.d.
	Year 4
	s.d.
	
	Year 1
	s.d.
	Year 2
	s.d.
	Year 3
	s.d.
	Year 4
	s.d.

	Winter concentrate feedstuffs
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Oven dry matter (g/kg)
	864
	7.1
	871
	9.3
	861
	7.4
	864
	7.7
	
	874
	6.6
	872
	8.1
	862
	8.9
	866
	6.7

	Crude protein
	299
	13.7
	314
	9.1
	276
	14.0
	281
	8.2
	
	205
	11.0
	203
	13.4
	226
	10.3
	219
	20.4

	Neutral detergent fibre
	196
	72.0
	294
	70.7
	279
	31.0
	144
	11.5
	
	258
	50.9
	378
	43.9
	308
	32.1
	257
	58.4

	Acid detergent fibre
	94
	26.8
	89
	6.5
	114
	7.7
	55.8
	4.4
	
	131
	15.4
	159
	27.1
	109
	14.6
	109
	18.5

	Ash
	89
	5.9
	79
	5.7
	88
	3.3
	89
	5.6
	
	72
	5.2
	74
	4.7
	76
	5.6
	65
	2.7

	Gross energy (MJ/kg DM)
	18.1
	0.20
	18.4
	0.09
	18.7
	0.36
	18.9
	0.11
	
	18.1
	0.18
	18
	0.05
	18.2
	0.08
	18.3
	0.12

	Grazing concentrate feedstuffs
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Oven dry matter (g/kg)
	867
	12.9
	
	
	867
	15.0
	863
	5.7
	
	858
	9.5
	
	
	863
	11.5
	877
	3.5

	Crude protein
	189
	5.3
	
	
	190
	5.6
	209
	14.9
	
	193
	5.2
	
	
	193
	5.7
	201
	6.8

	Neutral detergent fibre
	181
	8.6
	
	
	182
	8.2
	196
	13.4
	
	208
	21.2
	
	
	212
	21.6
	313
	13.2

	Acid detergent fibre
	81
	5.0
	
	
	80
	4.1
	51.4
	4.8
	
	93
	6.3
	
	
	94
	6.7
	139
	8.8

	Ash
	163
	14.9
	
	
	165
	11.2
	149
	12.9
	
	111
	3.1
	
	
	112
	3.3
	85
	2.2

	Gross energy (MJ/kg DM)
	16.0
	0.33
	
	
	16.2
	0.28
	16.5
	0.4
	
	17.0
	0.09
	
	
	17.1
	0.09
	17.5
	0.04


Table 22
Total fertiliser inputs during grazing periods (kg over entire grazing area)
	
	F-F and C-F
	
	F-C and C-C

	
	Urea1
	CAN2
	Compound 21:0:14
	
	Urea1
	CAN2
	Compound 21:0:14

	Year 1
	1491
	11250
	0
	
	1054
	10550
	0

	Year 2
	1324
	8722
	2552
	
	885
	8093
	1524

	Year 3
	1246
	7519
	1971
	
	754
	7044
	1519

	Average
	1354
	9164
	1508
	
	898
	8562
	1014


1  =  46% N

2  =  27.5% N

Table 23
Total nitrogen and potash (K2O) applications during grazing periods (kg/ha)
	
	Lax grazing
	
	Tight grazing

	
	Nitrogen
	Potash (K2O)
	
	Nitrogen
	Potash (K2O)

	Year 1
	385
	0
	
	424
	0

	Year 2
	382
	39
	
	428
	31.3

	Year 3
	393
	36
	
	414
	34

	Average
	387
	25
	
	422
	22


Table 24
Grazing data (Year 1)

	
	Systems
F-F & C-F
	s.d.
	Systems
F-C & C-C
	s.d.

	Transitional grazing period
	
	
	
	

	Pre-grazing sward height (cm)
	10.0
	1.53
	11.6
	1.04

	Post grazing sward height (cm)
	5.1
	0.56
	4.9
	0.33

	Mean length of time grazed (hours/day)†
	8.0
	
	3.2
	

	Calculated herbage intake (kg DM/day)†
	5.5
	
	2.8
	

	Main grazing period
	
	
	
	

	Pre-grazing sward height (cm)
	12.7
	1.76
	10.9
	2.04

	Post grazing sward height (cm)
	6.4
	0.76
	5.9
	0.98

	Pre-grazing herbage yield above 4 cm 
(kg DM/m2)
	0.233
	0.0552
	0.189
	0.0591

	Pre-grazing herbage yield above ground level (kg DM/m2)
	0.326
	0.0606
	0.284
	0.0751

	Post-grazing herbage yield above ground level (kg DM/m2)
	0.147
	0.0383
	0.124
	0.0424

	Herbage offered/cow/day above a height of 4 cm (kg DM)
	22.4
	1.57
	17.6
	4.13

	Herbage DM intake (kg/day)
	17.8
	2.34
	14.7
	4.06

	Mean concentrate DMI (kg/day)
	0.6
	0.05
	3.30
	1.71

	Efficiency of herbage utilisation 
(>4.0 cm)
	0.79
	
	0.84
	

	Average length of grazing cycle (days)
	28
	
	24
	

	Mean area grazed over the season (ha)
	9.67
	
	7.86
	

	Total area fertilised (ha)
	70
	
	62
	

	Total area topped (ha)
	26
	
	0
	

	Stocking rate (cows/ha)
	3.90
	
	5.0
	


†  Across entire transitional period

Table 25
Grazing data (Year 3)

	
	Systems 
F-F & C-F
	s.d.
	Systems 
F-C & C-C
	s.d.

	Transitional grazing period
	
	
	
	

	Pre-grazing sward height (cm)
	11.7
	2.22
	13.2
	1.34

	Post grazing sward height (cm)
	5.4
	0.94
	5.7
	0.83

	Mean length of time grazed (hours/day)†
	6.2
	
	4.5
	

	Calculated herbage intake (kg DM/day)†
	7.6
	
	6.0
	

	Main grazing period
	
	
	
	

	Pre-grazing sward height (cm)
	12.7
	2.80
	11.1
	3.06

	Post grazing sward height (cm)
	6.7
	1.28
	6.0
	1.36

	Pre-grazing herbage yield above 4 cm 
(kg DM/m2)
	0.240
	0.0787
	0.194
	0.0489

	Pre-grazing herbage yield above ground level (kg DM/m2)
	0.378
	0.0807
	0.314
	0.0596

	Post-grazing herbage yield above ground level (kg DM/m2)
	0.171
	0.0482
	0.135
	0.0316

	Herbage offered/cow/day above a height of 4 cm (kg DM)
	21.8
	1.69
	14.9
	3.43

	Herbage DM intake (kg/day)
	19.3
	1.61
	13.6
	3.14

	Mean concentrate DMI (kg/day)
	0.5
	0.03
	3.5
	1.56

	Efficiency of herbage utilisation 
(>4.0 cm)
	0.88
	
	0.91
	

	Average length of grazing cycle (days)
	26
	
	22
	

	Mean area grazed over the season (ha)
	9.16
	
	6.82
	

	Total area fertilised (ha)
	67
	
	54
	

	Total area topped (ha)
	22
	
	0
	

	Stocking rate (cows/ha)
	4.2
	
	5.9
	


† Across entire transitional period

Table 26
Grazing data (Year 4)

	
	Systems 
F-F & C-F
	s.d.
	Systems 
F-C & C-C
	s.d.

	Transitional grazing period
	
	
	
	

	Pre-grazing sward height (cm)
	9.0
	1.52
	8.8
	0.85

	Post grazing sward height (cm)
	5.1
	0.69
	5.4
	0.26

	Mean length of time grazed (hours/day)†
	7.5
	
	3.3
	

	Calculated herbage intake (kg DM/day)†
	8.9
	
	3.1
	

	Main grazing period
	
	
	
	

	Pre-grazing sward height (cm)
	13.3
	2.69
	11.6
	1.90

	Post grazing sward height (cm)
	5.94
	1.23
	5.6
	1.05

	Pre-grazing herbage yield above 4 cm 
(kg DM/m2)
	0.309
	0.0854
	0.233
	0.0686

	Pre-grazing herbage yield above ground level (kg DM/m2)
	0.443
	0.1000
	0.343
	0.0789

	Post-grazing herbage yield above ground level (kg DM/m2)
	0.166
	0.0411
	0.137
	0.0387

	Herbage offered/cow/day above a height of 4 cm (kg DM)
	23.1
	3.12
	17.8
	5.21

	Herbage DM intake (kg/day)
	20.3
	2.39
	15.7
	4.59

	Mean concentrate DMI (kg/day)
	0.7
	0.07
	3.6
	1.33

	Efficiency of herbage utilisation 
(>4.0 cm)
	0.88
	
	0.88
	

	Average length of grazing cycle (days)
	27
	
	21
	

	Mean area grazed over the season (ha)
	7.69
	
	6.22
	

	Total area fertilised (ha)
	53
	
	48
	

	Total area topped (ha)
	14
	
	0
	

	Stocking rate (cows/ha)
	5.2
	
	6.3
	


†  Across entire transitional period

Table 27
System effects on nutrient intakes in Year 1 (kg DM)

	
	System
	s.e.m.
	Sig.

	
	F-F
	F-C
	C-F
	C-C
	
	

	Number of animals
	19
	19
	18
	20
	
	

	Calving to 24 February (days)
	100
	91
	97
	97
	
	

	Concentrate
	518
	472
	1074
	1049
	48.8
	***

	Silage
	1101
	1024
	697
	682
	51.5
	***

	Total
	1619
	1496
	1771
	1731
	77.4
	NS

	25 February to 16 April (days)
	51
	51
	51
	51
	
	

	Concentrate
	257
	258
	526
	531
	15.7
	***

	Silage
	453
	583
	272
	323
	21.4
	***

	Herbage
	283
	144
	283
	144
	
	

	Total
	993
	985
	1080
	998
	31.8
	NS

	17 April to 20 October (days)
	166
	159
	156
	159
	
	

	Concentrate
	106
	541
	101
	538
	49.3
	***

	Herbage
	2962
	2335
	2775
	2338
	
	

	Total
	3068
	2876
	2876
	2876
	45.9
	**

	21 October until drying off (days)
	16
	9
	9
	17
	
	

	Concentrate
	0
	0
	28
	53
	7.9
	***

	Silage
	168
	106
	77
	148
	8.8
	***

	Total
	168
	106
	106
	201
	8.0
	***

	Total intakes during Year 1 of study (days)
	333
	309
	313
	324
	
	

	Winter concentrate
	722
	678
	1575
	1580
	58.8
	***

	Grazing concentrate
	158
	594
	154
	591
	49.3
	***

	Total concentrate
	881
	1272
	1729
	2171
	96.1
	***

	Silage
	1722
	1713
	1047
	1154
	70.7
	***

	Herbage
	3245
	2479
	3057
	2481
	117.5
	***

	Total
	5847
	5464
	5833
	5806
	127.8
	NS


Table 28
System effects on nutrient intakes in Year 2 (kg DM)
	
	System
	s.e.m.
	Sig

	
	F-F
	F-C
	C-F
	C-C
	
	

	Number of animals
	18
	20
	20
	19
	
	

	Calving to 10 March (days)
	101
	103
	110
	99
	
	

	Concentrate
	526
	537
	1216
	1143
	51.3
	***

	Silage
	1211
	1161
	771
	729
	46.9
	***

	Total
	1737
	1698
	1987
	1872
	55.6
	***

	11 March to 8 April (days)
	26
	26
	27
	26
	
	

	Concentrate
	138
	140
	297
	298
	9.6
	***

	Silage
	227
	315
	102
	172
	9.7
	***

	Herbage
	142
	0
	144
	0
	
	

	Total
	506
	455
	543
	470
	14.3
	***

	Total intakes during Year 2 of study (days)
	127
	129
	137
	125
	
	

	Winter concentrate
	664
	677
	1514
	1441
	56.7
	***

	Silage
	1438
	1476
	872
	901
	51.6
	***

	Herbage
	142
	0
	144
	0
	
	

	Total
	2243
	2153
	2529
	2343
	65.6
	***


Table 29
System effects on nutrient intakes in Year 3 (kg DM)
	
	System
	s.e.m.
	Sig

	
	F-F
	F-C
	C-F
	C-C
	
	

	Number of animals
	20
	20
	20
	20
	
	

	Calving to 6 March (days)
	111
	110
	108
	110
	
	

	Concentrate
	574
	569
	1156
	1173
	28.5
	***

	Silage
	1087
	1091
	587
	597
	24.9
	***

	Total
	1661
	1661
	1743
	1770
	34.6
	NS

	7 March to 1 May (days)
	56
	56
	56
	56
	
	

	Concentrate
	288
	288
	520
	536
	14.1
	***

	Silage
	358
	456
	252
	277
	11.9
	***

	Herbage
	426
	335
	426
	335
	
	

	Total
	1071
	1079
	1198
	1147
	23.2
	***

	2 May to 1 November (days)
	143
	142
	146
	149
	
	

	Concentrate
	76
	516
	77
	517
	40.2
	***

	Herbage
	2602
	1941
	2643
	2039
	
	

	Total
	2678
	2457
	2720
	2556
	36.2
	***

	2 November until drying off (days)
	11
	4
	7
	4
	
	

	Concentrate
	4.6
	1.8
	17
	10.0
	
	

	Silage
	158
	63
	54
	32
	11.7
	***

	Total
	163
	64
	71
	42
	8.0
	***

	Total intakes during Year 3 of study (days)
	321
	313
	316
	319
	
	

	Winter concentrate
	866
	859
	1694
	1719
	36.7
	***

	Grazing concentrate
	76
	516
	77
	517
	40.2
	***

	Total concentrate
	942
	1375
	1771
	2236
	61.2
	***

	Silage
	1603
	1610
	893
	905
	38.0
	***

	Herbage
	3028
	2276
	3069
	2374
	112.9
	***

	Total
	5572
	5261
	5732
	5515
	72.1
	***


Table 30
System effects on nutrient intakes in Year 4 (kg DM)

	
	System
	s.e.m.
	Sig

	
	F-F
	F-C
	C-F
	C-C
	
	

	Number of animals
	19
	19
	20
	19
	
	

	Calving to 10 April (days)
	150
	155
	157
	142
	
	

	Concentrate
	778
	805
	1708
	1585
	37.2
	***

	Silage
	1948
	2000
	1148
	1086
	55.6
	***

	Total
	2726
	2805
	2856
	2671
	58.7
	NS

	11 April to 3 May (days)
	23
	23
	23
	23
	
	

	Concentrate
	119
	119
	220
	241
	4.94
	***

	Silage
	154
	252
	84
	149
	5.8
	***

	Herbage
	205
	74
	205
	74
	
	

	Total
	478
	445
	509
	464
	9.0
	***

	4 May to 24 October (days)
	150
	149
	141
	148
	
	

	Concentrate
	104
	591
	99
	525
	36.1
	***

	Herbage
	3082
	2332
	2894
	2319
	
	

	Total
	3186
	2922
	2993
	2844
	28.5
	***

	25 October until drying off (days)
	27
	26
	7
	13
	
	

	Concentrate
	0
	0
	21
	35
	7.8
	**

	Silage
	411
	395
	79
	131
	12.7
	***

	Total
	411
	395
	101
	166
	7.6
	***

	Total intakes during Year 4 of study (days)
	350
	353
	328
	325
	
	

	Winter concentrate
	898
	924
	1950
	1861
	36.6
	***

	Grazing concentrate
	104
	591
	99
	525
	36.1
	***

	Total concentrate
	1001
	1515
	2049
	2386
	67.0
	***

	Silage
	2513
	2647
	1311
	1366
	65.1
	***

	Herbage
	3287
	2405
	3099
	2392
	132.5
	***

	Total
	6801
	6568
	6459
	6144
	87.4
	***


Table 31
System effects on total nutrient intakes during the dry periods (post re-housing), on completion of Years 1 and 3 (kg DM)

	
	System
	
	

	
	F-F
	F-C
	C-F
	C-C
	s.e.m.
	Sig.

	Year 1
	
	
	
	
	
	

	Number of animals
	14
	14
	15
	18
	
	

	Rehousing to calving (days)
	46
	49
	38
	36
	
	

	Silage
	514
	601
	313
	282
	94.1
	*

	Concentrate
	28
	24
	59
	55
	9.1
	**

	Total
	542
	625
	372
	337
	99.6
	NS

	Year 3
	
	
	
	
	
	

	Number of animals
	14
	13
	15
	15
	
	

	Rehousing to calving (days)
	33
	36
	27
	41
	
	

	Silage
	387
	435
	181
	269
	66.8
	*

	Concentrate
	25
	25
	58
	90
	11.2
	***

	Total
	412
	460
	239
	359
	73.3
	NS


Table 32
System effects on milk output and milk composition (Year 1)

	
	System
	s.e.m.
	Sig.

	
	F-F
	F-C
	C-F
	C-C
	
	

	Number of animals
	19
	19
	18
	20
	
	

	Calving to 24 February (days)
	100
	91
	97
	97
	
	

	Total milk output (kg)
	2840
	2647
	2949
	2864
	143.9
	NS

	Fat (g/kg)
	40.9
	40.5
	41.0
	40.6
	1.09
	NS

	Protein (g/kg)
	30.8
	31.2
	31.5
	31.2
	0.48
	NS

	25 February to 16 April (days)
	51
	51
	51
	51
	
	

	Total milk output (kg)
	1493
	1509
	1482
	1428
	65.6
	NS

	Fat (g/kg)
	40.4
	41.2
	41.2
	41.3
	1.15
	NS

	Protein (g/kg)
	32.3
	31.8
	32.9
	32.4
	0.56
	NS

	17 April to 20 October (days)
	166
	159
	156
	159
	
	

	Total milk output (kg)
	3064
	3291
	2936
	3355
	147.2
	NS

	Fat (g/kg)
	43.7
	41.9
	42.7
	41.8
	1.19
	NS

	Protein (g/kg)
	34.9
	34.6
	34.9
	35.4
	0.53
	NS

	21 October until drying off (days)
	16
	9
	9
	17
	
	

	Total milk output (kg)
	145
	79
	92
	178
	12.6
	***

	Year 1 summary (days)
	333
	309
	313
	324
	
	

	Total milk output (kg)
	7541
	7527
	7458
	7825
	305.8
	NS

	Fat (g/kg)
	42.1
	41.2
	41.9
	41.1
	1.01
	NS

	Protein (g/kg)
	32.8
	32.8
	33.2
	33.5
	0.43
	NS

	Lactose (g/kg)
	48.7
	48.6
	48.9
	49.0
	0.29
	NS

	Fat yield (kg)
	318
	308
	313
	323
	14.1
	NS

	Protein yield (kg)
	247
	246
	248
	263
	10.2
	NS


Table 33
System effects on milk output and milk composition (Year 2)
	
	System
	s.e.m.
	Sig.

	
	F-F
	F-C
	C-F
	C-C
	
	

	Number of animals
	18
	20
	20
	19
	
	

	Calving to 10 March (days)
	101
	103
	110
	99
	
	

	Total milk output (kg)
	2926
	2953
	3241
	3207
	115.9
	NS

	Fat (g/kg)
	41.7
	42.7
	41.4
	39.8
	1.07
	NS

	Protein (g/kg)
	31.3
	30.6
	33.0
	32.5
	0.40
	***

	11 March to 8 April (days)
	26
	26
	27
	26
	
	

	Total milk output (kg)
	759
	730
	775
	739
	54.1
	NS

	Fat (g/kg)
	42.2
	39.9
	41.2
	40.3
	1.25
	NS

	Protein (g/kg)
	34.0
	31.6
	35.2
	34.4
	0.57
	***

	Year 2 summary (days)
	127
	129
	137
	125
	
	

	Total milk output (kg)
	3686
	3683
	4016
	3946
	137.3
	NS

	Fat (g/kg)
	41.9
	41.2
	41.3
	39.8
	0.98
	NS

	Protein (g/kg)
	31.8
	30.6
	33.4
	32.7
	0.41
	***

	Lactose (g/kg)
	49.5
	49.3
	49.1
	48.8
	0.28
	NS

	Fat yield (kg)
	155
	151
	168
	158
	6.7
	NS

	Protein yield (kg)
	118
	114
	135
	130
	4.3
	***


Table 34
System effects on milk output and milk composition (Year 3)
	
	System
	s.e.m.
	Sig.

	
	F-F
	F-C
	C-F
	C-C
	
	

	Number of animals
	20
	20
	20
	20
	
	

	Calving to 6 March (days)
	111
	110
	108
	110
	
	

	Total milk output (kg)
	3167
	3184
	3069
	3142
	106.4
	NS

	Fat (g/kg)
	40.7
	40.9
	42.2
	40.3
	0.74
	NS

	Protein (g/kg)
	30.5
	30.5
	33.2
	33.0
	0.35
	***

	7 March to 1 May (days)
	56
	56
	56
	56
	
	

	Total milk output (kg)
	1532
	1526
	1518
	1520
	45.9
	NS

	Fat (g/kg)
	35.4
	35.8
	38.3
	39.4
	0.92
	**

	Protein (g/kg)
	33.0
	32.9
	35.4
	35.8
	0.42
	***

	2 May to 1 November (days)
	143
	142
	146
	149
	
	

	Total milk output (kg)
	2553
	2787
	2565
	2801
	112.1
	NS

	Fat (g/kg)
	40.6
	38.4
	42.9
	41.2
	0.96
	*

	Protein (g/kg)
	35.6
	35.5
	35.8
	36.3
	0.47
	NS

	2 November until drying off (days)
	11
	4
	7
	4
	
	

	Total milk output (kg)
	139
	52
	58
	37
	9.0
	***

	Year 3 summary (days)
	321
	313
	316
	319
	
	

	Total milk output (kg)
	7391
	7548
	7209
	7499
	237.7
	NS

	Fat (g/kg)
	39.7
	39.0
	41.6
	40.3
	0.80
	NS

	Protein (g/kg)
	32.9
	32.9
	34.6
	34.9
	0.36
	***

	Lactose (g/kg)
	49.9
	48.6
	49.2
	48.8
	0.25
	NS

	Fat yield (kg)
	292
	295
	299
	302
	9.1
	NS

	Protein yield (kg)
	243
	249
	250
	262
	7.9
	NS


Table 35
System effects on milk output and milk composition (Year 4)
	
	System
	s.e.m.
	Sig.

	
	F-F
	F-C
	C-F
	C-C
	
	

	Number of animals
	19
	19
	20
	19
	
	

	Calving to 10 April (days)
	150
	155
	157
	142
	
	

	Total milk output (kg)
	4661
	4795
	4719
	4449
	166.0
	NS

	Fat (g/kg)
	40.5
	41.0
	40.4
	40.6
	0.95
	NS

	Protein (g/kg)
	32.2
	31.5
	34.7
	34.3
	0.49
	***

	11 April to 3 May (days)
	23
	23
	23
	23
	
	

	Total milk output (kg)
	738
	701
	711
	734
	28.7
	NS

	Fat (g/kg)
	36.1
	38.0
	37.0
	40.1
	1.00
	*

	Protein (g/kg)
	34.3
	33.4
	36.7
	36.6
	0.50
	***

	4 May to 24 October (days)
	150
	149
	141
	148
	
	

	Total milk output (kg)
	3221
	3427
	2752
	3336
	126.9
	***

	Fat (g/kg)
	41.5
	39.7
	42.4
	43.3
	0.94
	NS

	Protein (g/kg)
	35.9
	36.3
	36.8
	37.5
	0.77
	NS

	25 October until drying off (days)
	27
	26
	7
	13
	
	

	Total milk output (kg)
	329
	300
	103
	135
	
	

	Year 4 summary (days)
	350
	353
	328
	325
	
	

	Total milk output (kg)
	8950
	9223
	8286
	8654
	260.0
	NS

	Fat (g/kg)
	40.6
	40.4
	40.9
	41.7
	0.877
	NS

	Protein (g/kg)
	33.7
	33.7
	35.6
	35.8
	0.45
	***

	Lactose (g/kg)
	48.6
	49.0
	48.4
	48.7
	0.25
	NS

	Fat yield (kg)
	362
	372
	337
	358
	8.5
	*

	Protein yield (kg)
	301
	311
	294
	309
	8.1
	NS


Table 36
System effects on body tissue reserves in Years 1 and 2

	
	System
	s.e.m.
	Sig.

	
	F-F
	F-C
	C-F
	C-C
	
	

	YEAR 1
	
	
	
	
	
	

	Number of animals
	19
	19
	18
	20
	
	

	Post calving†
	
	
	
	
	
	

	Body condition score
	2.5
	(s.d. 0.43)
	

	Live weight (kg)
	573
	(s.d. 84.4)
	

	Back fat (mm)
	4.5
	(s.d. 0.64)
	

	Eye muscle area (cm2)
	56.9
	(s.d. 8.34)
	

	Body tissue reserves on 24 February
	
	
	
	
	
	

	Body condition score
	2.6
	2.6
	2.5
	2.5
	0.06
	NS

	Live weight (kg)
	565
	573
	575
	565
	7.6
	NS

	Back fat (mm)
	4.2
	4.3
	4.3
	4.3
	0.06
	NS

	Eye muscle area (cm2)
	57.5
	57.2
	57.5
	57.3
	0.19
	NS

	Body tissue reserves at drying off
	
	
	
	
	
	

	Body condition score
	2.5
	2.6
	2.6
	2.5
	0.08
	NS

	Live weight (kg)
	613
	613
	620
	629
	11.4
	NS

	Back fat (mm)
	4.8
	4.8
	4.6
	4.6
	0.12
	NS

	Eye muscle area (cm2)
	58.5
	58.1
	57.9
	58.7
	0.37
	NS

	YEAR 2
	
	
	
	
	
	

	Number of animals
	18
	20
	20
	19
	
	

	Body tissue reserves post calving
	
	
	
	
	
	

	Body condition score
	2.5
	2.7
	2.5
	2.4
	0.10
	*

	Live weight (kg)
	597
	598
	587
	599
	8.2
	NS

	Back fat (mm)
	5.5
	5.3
	5.3
	5.3
	0.10
	NS

	Eye muscle area (cm2)
	57.6
	56.7
	56.8
	57.6
	0.41
	NS

	Body tissue reserves on 8 April
	
	
	
	
	
	

	Body condition score
	2.4
	2.5
	2.5
	2.4
	0.10
	NS

	Live weight (kg)
	570
	574
	590
	612
	9.1
	**

	Back fat (mm)
	4.8
	4.7
	4.9
	4.8
	0.12
	NS

	Eye muscle area (cm2)
	57.6
	56.8
	56.9
	57.7
	0.37
	NS


†
All data adjusted using the appropriate Year 1 post-calving data as a covariate (in the case of replacements, Year 2 post-calving data was used)

Table 37
System effects on body tissue reserves in Years 3 and 4

	
	System
	s.e.m.
	Sig.

	
	F-F
	F-C
	C-F
	C-C
	
	

	YEAR 3
	
	
	
	
	
	

	Number of animals
	20
	20
	20
	20
	
	

	Post calving†
	
	
	
	
	
	

	Body condition score
	2.8 (s.d. 0.36)
	

	Live weight (kg)
	554 (s.d. 53.8)
	

	Back fat (mm)
	6.1 (s.d. 0.61)
	

	Eye muscle area (cm2)
	55.1 (s.d. 5.32)
	

	Body tissue reserves on 7 March
	
	
	
	
	
	

	Body condition score
	2.4
	2.3
	2.4
	2.5
	0.04
	**

	Live weight (kg)
	523
	534
	536
	559
	6.6
	**

	Back fat (mm)
	5.5
	5.3
	5.4
	5.5
	0.06
	NS

	Eye muscle area (cm2)
	51.7
	53.2
	55.0
	55.8
	0.46
	***

	Body tissue reserves at drying off
	
	
	
	
	
	

	Body condition score
	2.4
	2.3
	2.4
	2.4
	0.04
	NS

	Live weight (kg)
	577
	578
	587
	593
	10.7
	NS

	Back fat (mm)
	5.7
	5.5
	5.6
	5.6
	0.08
	NS

	Eye muscle area (cm2)
	58.4
	59.0
	58.9
	62.3
	0.84
	**

	YEAR 4
	
	
	
	
	
	

	Number of animals
	19
	20
	19
	19
	
	

	Body tissue reserves post calving
	
	
	
	
	
	

	Body condition score
	2.6
	2.5
	2.5
	2.5
	0.07
	NS

	Live weight (kg)
	586
	562
	556
	578
	10.3
	NS

	Back fat (mm)
	6.0
	5.8
	5.9
	5.9
	0.09
	NS

	Eye muscle area (cm2)
	56.8
	58.0
	58.1
	61.1
	0.92
	*

	Body tissue reserves on 11 April
	
	
	
	
	
	

	Body condition score
	2.5
	2.3
	2.5
	2.5
	0.05
	NS

	Live weight (kg)
	575
	571
	599
	612
	9.2
	**

	Back fat (mm)
	5.5
	5.3
	5.4
	5.4
	0.11
	NS

	Eye muscle area (cm2)
	57.3
	58.3
	58.0
	61.2
	0.78
	**

	Body tissue reserves at drying off
	
	
	
	
	
	

	Body condition score
	2.5
	2.5
	2.6
	2.5
	0.06
	NS

	Live weight (kg)
	633
	616
	639
	646
	12.0
	NS

	Back fat (mm)
	5.8
	5.9
	6.1
	6.0
	0.08
	NS

	Eye muscle area (cm2)
	58.8
	59.5
	59.6
	62.6
	0.75
	**


†
All data adjusted using the appropriate Year 3 post-calving data as a covariate (in the case of replacements, Year 4 post-calving data was used)

Figure 1
Live weight and condition score changes during the first 40 weeks post calving in Year 1 - all data adjusted using post-calving live weight and [image: image2.wmf]0.0
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Figure 2
Live weight and condition score changes during the first 40 weeks post calving in Year 2 - all data adjusted using post-calving live weight and condition scores as a covariate (         F-F;         F-C;        C-F;        C-C)
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Figure 3
Live weight and condition score changes during the first 40 weeks post [image: image8.wmf]2.1
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calving in Year 3 - all data adjusted using post-calving live weight and [image: image9.wmf]2.1
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condition scores as a covariate (       F-F;        F-C;        C-F;        C-C) 
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Figure 4
Mean live weight and condition score changes during the first 40 weeks 

post calving in Year 1 - 3 - all data adjusted using post-calving live weight 

and condition scores as a covariate (         F-F;         F-C;        C-F;        C-C)
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Table 38
Health problems associated with each of the four systems
	
	System
	s.e.m.
	Sig.

	
	F-F
	F-F
	C-F
	C-C
	
	

	Year 1
	
	
	
	
	
	

	Stomach
	0
	1
	1
	0
	
	

	High temperature
	0
	3
	4
	3
	
	

	Milk fever
	0
	1
	0
	1
	
	

	Ketosis
	0
	0
	0
	1
	
	

	Pneumonia
	0
	0
	1
	0
	
	

	Mastitis
	0.60
	1.10
	0.65
	0.30
	0.263
	NS

	Lameness
	0.10
	0.25
	0.00
	0.00
	0.079
	NS

	Year 2
	
	
	
	
	
	

	Stomach
	1
	2
	1
	0
	
	

	High temperature
	0
	0
	0
	1
	
	

	Milk fever
	1
	4
	1
	2
	
	

	Ketosis
	0
	0
	0
	0
	
	

	Pneumonia
	0
	0
	0
	0
	
	

	Mastitis
	0.45
	0.40
	0.85
	0.80
	0.237
	NS

	Lameness
	0.20
	0.25
	0.25
	0.10
	0.104
	NS

	Year 3
	
	
	
	
	
	

	Stomach
	2
	2
	2
	2
	
	

	High temperature
	0
	2
	1
	5
	
	

	Milk fever
	0
	0
	0
	0
	
	

	Ketosis
	0
	0
	0
	0
	
	

	Pneumonia
	0
	0
	0
	0
	
	

	Mastitis
	0.15
	0.35
	0.7
	0.25
	0.239
	NS

	Lameness
	0.45
	0.65
	0.35
	0.35
	0.151
	NS

	Year 4
	
	
	
	
	
	

	Stomach
	1
	1
	1
	2
	
	

	High temperature
	1
	1
	3
	0
	
	

	Milk fever
	0
	0
	0
	1
	
	

	Ketosis
	0
	0
	0
	0
	
	

	Pneumonia
	0
	1
	0
	0
	
	

	Mastitis
	0.30
	1.10
	0.45
	0.50
	0.241
	NS

	Lameness
	0.50
	0.40
	0.50
	0.60
	0.201
	NS


Stomach, high temperature, milk fever, ketosis and pneumonia  =  number of incidences/system

Mastitis and lameness  =  mean number of cases/animal

Table 39
Fertility in Years 1, 3 and 4 of the study

	
	System
	s.e.m.
	Sig.

	
	F-F
	F-C
	C-F
	C-C
	
	

	Year 1
	
	
	
	
	
	

	Days to first observed heat
	40
	36
	36
	40
	3.9
	NS

	Days to first service
	58
	58
	59
	60
	4.61
	NS

	Proportion of cows pregnant to 1st service
	0.21
	0.37
	0.33
	0.30
	0.110
	NS

	Proportion of cows pregnant to 1st or 2nd service
	0.47
	0.58
	0.56
	0.65
	0.119
	NS

	Number of services/cow†
	2.63
	2.05
	2.33
	2.15
	0.294
	NS

	Calving interval (days)‡
	410
	383
	384
	383
	11.4
	NS

	Proportion of cows pregnant during breeding season#
	0.895
	0.895
	0.944
	1.0
	0.59
	NS

	Year 3
	
	
	
	
	
	

	Days to first observed heat
	42
	45
	37
	40
	5.8
	NS

	Days to first service
	68
	63
	60
	74
	4.5
	NS

	Proportion of cows pregnant to 1st service
	0.50
	0.40
	0.40
	0.25
	0.155
	NS

	Proportion of cows pregnant to 1st or 2nd service
	0.70
	0.60
	0.65
	0.65
	0.109
	NS

	Number of services/cow†
	2.10
	2.40
	2.25
	2.40
	0.328
	NS

	Calving interval (days)‡
	389
	374
	375
	391
	11.8
	NS

	Proportion of cows pregnant during breeding season#
	0.90
	0.85
	0.90
	0.90
	0.072
	NS

	Year 4
	
	
	
	
	
	

	Days to first observed heat
	53
	56
	52
	61
	4.3
	NS

	Days to first service
	78
	73
	68
	67
	4.1
	NS

	Proportion of cows pregnant to 1st service
	0.42
	0.32
	0.50
	0.42
	0.115
	NS

	Proportion of cows pregnant to 1st or 2nd service
	0.74
	0.47
	0.65
	0.68
	0.111
	NS

	Number of services/cow†
	2.05
	2.42
	2.00
	2.00
	0.306
	NS

	Calving interval (days)‡
	402
	411
	378
	385
	12.1
	NS

	Proportion of cows pregnant during breeding season#
	0.95
	0.90
	0.90
	1.00
	0.057
	NS


†
Including infertile animals

‡
For animals which aborted/calved early/were culled post-drying off but pre-calving, calving interval was calculated by adding the mean gestation length for the remaining animals on that system to the final service date of the animal for which the data is missing

#
Artificial insemination was stopped on 30th June

Table 40
Primary reasons for the culling of individual animals from the study (4 years)

	System
	During year 1
	On completion of year 1
	During year 2 (until 8 April)*
	During year 3
	On completion of year 3
	During year 4

	F-F
	n = 1

Mastitis
	n = 5

Infertile (2)
Laminitis
Weak suspensory ligament
Injury†
	n = 2

Mastitis
Laminitis
	n = 0
	n = 6

Infertile (2)
Calved early
Calving injury
Injury
Stomach ulcers‡
	n = 1

Digestive problems

	F-C
	n = 1

Abortion
	n = 5

Infertile (2)
Mastitis
Foetal loss
Weak legs
	n = 0
	n = 0
	n = 7

Infertile (3)
Low yield
Aborted
Calved early
	n = 1

Injury

	C-F
	n = 2

Injury
Pneumonia
	n = 3

Infertile
Mastitis + laminitis
Injury†
	n = 0
	n = 0
	n = 5

Infertile (2)
Aborted
Calved early
Weak legs
	n = 0

	C-C
	n = 0
	n = 2

Laminitis
Mastitis
	n = 1

Mastitis
	n = 0
	n = 5

Infertile (2)
Aborted
Calved early
Injury
	n = 1

Winter dysentery


*
All animals culled late April in year 2 due to disease outbreak

†
Injured early in year 2 and subsequently replaced

‡
Ill early in year 4 and subsequently replaced
SECTION II

SUBSIDIARY STUDIES AND MEASUREMENTS

AIMS OF SUBSIDIARY STUDIES AND MEASURMENTS

In addition to the main systems study described above, a number of subsidiary studies and subsidiary measurements were undertaken.  These had a number of aims:

1) To examine the responses obtained when individual components within the four main systems were modified slightly

2) To clarify aspects relating to the main systems study

3) To provide underpinning supporting science to assist in the understanding of the responses achieved within the main systems.  

SUMMARY OF SUBSIDIARY STUDIES AND MEASURMENTS

A total of 9 subsidiary studies/measures were undertaken, as summarised below:

Studies 1-3
An examination of the response to changes in the level and composition of concentrate supplements offered within the main systems study

Study 4
A comparison of Calan gate and easy-feed systems on the intake of dairy cows

Study 5
An examination of the effects of management system on the carcass composition of dairy cows

Study 6
Effect of harvesting frequency on herbage DM production

Study 7

An examination of nutrient utilisation associated with each of the winter feeding systems

Study 8
An examination of the effect of management system on milk progesterone concentrations

Study 9
An examination of the effects of winter management regime on blood metabolites 

An examination of the response to changes in the level and composition of concentrate supplements offered within the main systems study
(Studies 1 - 3)
Introduction

One of the key advantages of systems based research is that a number of 'components' can be integrated into practical systems of milk production, and the combined effects assessed within a controlled environment.  However, the very nature of these studies means that it is often not possible to identify which component of a system contributed to the responses achieved, or to identify if an improved response could have been achieved by modifying a particular component within a system.

This is particularly true in respect to the level and composition of the concentrate feedstuffs offered.  To address this issue, three 'subsidiary studies' were conducted to examine the responses in animal performance to changes in the level and composition of the concentrate feedstuffs offered within the main systems study.

Study 1
One of the key principles embodied within the winter component of the main systems study is the decreasing importance of silage feed value with increasing concentrate feed level (Ferris et al., 2001).  For example, with low levels of concentrate supplementation, high feed value silages were offered (systems F-F and F-C) while with high concentrate feed levels a medium feed value silage was offered (systems C-F and C-C).  Study 1 was designed to test this key principle, and examined the response which would have been achieved if the high feed value silage (systems F-F and F-C) had been supplemented with the same high level of concentrate supplementation as was offered with the medium feed value silage (systems C-F and C-C).

Study 2
Supplementing the high feed value silage with low levels of a high protein concentrate was a second key principal embodied within the winter component of systems F-F and F-C.  Previous studies support this practice, both in terms of promoting total DM intake (Gordon et al., 1981) and maximising the contribution of forage in the diet (Mayne et al., 1993), while at the same time meeting the theoretical protein requirements of the animal.  However, in view of the high cost of concentrate protein ingredients, reducing the protein concentration of the concentrate offered and at the same time accepting a reduction in animal performance, may prove to be more economical.  Alternatively, performance may be maintained through offering higher levels of a lower protein concentrate.  This issue was addressed in Study 2.

Study 3
While concentrate supplementation of grazing dairy cows is becoming increasingly common, there is still relatively little information to quantify the response of grazing dairy cows to level of concentrate supplementation and to the level of crude protein in the concentrate offered.  Within the main systems study, animals on systems F-C and C-C were offered a medium protein concentrate (170 g/kg fresh) on a 'feed to yield' basis, with the concentrate feed level averaging 3.5 kg DM/cow/day over the course of the three summer grazing periods.  This experiment was designed to examine the effects of altering the level and crude protein concentration of the grazing concentrate offered.

Materials and Methods

Study 1
This study was conducted during the second winter period (Year 2) of the main systems study.  The experiment involved an additional 9 Holstein-Friesian dairy cows [mean lactation number, 3.2 (s.d., 1.20); mean PTA2000 fat + protein, 22.1 (s.d., 10.5) kg; mean of 45 (s.d., 11.9) days calved].  Three treatments (F6, F14, C14) were examined in a four period partially balanced change-over design experiment, with periods 1 and 4 being 5 weeks in length and periods 2 and 3 being six weeks in length.  Animals were arranged in three blocks, with block 3 treatments being a repeat of block 1 treatments, while treatments in period 4 were a repeat of those in period 3.  With treatments F6 and F14, high feed value silage was supplemented with either 6.0 kg per day of a high protein concentrate (F6), or with 14.0 kg/day of a medium protein concentrate (F14).  With treatment C14, medium feed value silage was supplemented with 14.0 kg per day of a medium protein concentrate.  The high feed value silages offered in periods 1, 2, 3 and 4 comprised the first, second, third and fourth harvest respectively of the high feed value silage offered in Year 2, while harvest 1 and 2 of the medium feed value silage (Year 2) was offered in periods 1 and 2 and in periods 3 and 4 respectively.  The unequal period lengths reflect differences in the periods of time over which each silage was offered, as described earlier.  The high and medium protein concentrates offered in this study were identical to the high and medium protein concentrates (Year 2) described earlier, with their ingredient composition given in Table 41.  With treatment F6, the concentrate was offered through an out-of-parlour feed station, the daily allowance being divided equally between four equal time periods within each 24-h period.  With treatments F14 and C14, the concentrate was mixed with the silage using a mixer wagon, and offered in the form of a complete diet, at a rate equivalent to 1.05 of the previous days intake.  In view of the latter, the concentrate was incorporated into the mix at a rate equivalent to 14.7 kg/cow/day.  Animals accessed the silage (F6) or silage/concentrate component of the diet (F14 and C14) via a Calan gate feeding system as described earlier.  New feed was placed in the feed boxes once daily, with feed remaining in the feed boxes from the previous 24 h period removed at approximately 09.00 h, and animals gaining access to fresh feed between 10.00 h and 11.00 h.

One animal had mastitis during period 3, with data from periods 3 and 4 for this animal being excluded from the analysis.

Study 2

This experiment was conducted during the winter period of Year 4 of the main systems study.  Five treatments were examined in a 3 period (period length, 4 weeks) partially balanced change-over design trial involving 15 Holstein-Friesian dairy cows [PTA2000 fat + protein, 26.8  (s.d., 15.74) kg].  These animals were additional to the cows on the main study and were a mean of 87 (s.d., 29.7) days calved at the start of the study, and comprised 8 primiparous animals and 7 multiparous animals.  With treatments 150 (6), 200 (6) and 250 (6), 6.0 kg/cow/day of a concentrate containing 150, 200 and 250 g CP/kg fresh respectively was offered. With treatments 150(8) and 150(10), 8.0 or 10.0 kg/day respectively of a concentrate containing 150 g CP/kg was offered (fresh basis). The ingredient compositions (kg/t air dry basis) of the high (250 g CP/kg) and low protein concentrates (150 g CP/kg) are given in Table 41, while the medium protein concentrate (200 g CP/kg) was produced by mixing the high and low protein concentrates in equal proportions.  These concentrates were offered through an out-of-parlour feed station, as described above, while a high feed value grass silage (Harvest 3, Year 4) was offered ad libitum via a Calan gate feed system, as described above.  Animals gained access to their silage via any one of 5 feed boxes.

Study 3

This study was conducted during the summer grazing period of Year 4 of the main systems study.  An additional eighteen late lactation [mean interval from calving, 204 (s.d., 43.5) days] Holstein-Friesian dairy cows [mean PTA2000 fat + protein, 28.0 (s.d., 11.73) kg] were used in a 3 period (period length, 4 weeks) partially balanced change-over design experiment, which ran from 25 May - 17 August 2001.  Six of the animals were in their first lactation, while the remaining 12 were in their second lactation.  Six treatments were examined in this 2 x 3 factorial design experiment: two levels of concentrate supplementation (3.6 and 7.2 kg fresh concentrate/day) and three levels of crude protein (CP) in the concentrate, namely 110, 170 and 230 g/kg fresh weight.  The ingredient compositions of the low and high CP concentrates are presented in Table 41, while the medium CP concentrate was produced by mixing the high and low protein concentrates in equal proportions.  The concentrate supplements were offered in-parlour during the am and pm milking, as two equal feeds.  The 18 animals on this study were rotationally grazed as part of a much larger group of animals (n = 90) within a paddock grazing system.  Animals were grazed tightly, with the aim of achieving a residual sward height, measured using a plate meter, of between 5 - 7 cm.  One animal was removed from the study due to health problems, and her data were not included in the analysis, while another animal aborted during period 3 of the study, with her period three data being excluded from the analysis.

Measurements (Studies 1-3)

In each of the three experiments described, animals were milked twice daily, between 07.00 and 08.30 h, and between 17.00 and 18.30 h, with milk yields recorded at each milking.  Milk samples, in proportion to yield, were taken at each milking for three consecutive days during the final week (recording week) of each experimental period, and bulked.  This three day composite sample for each animal was analysed for fat, protein and lactose contents using a Milkoscan (Model 605, Foss Electric, Hillerød, Denmark).  The Calan gate feeding system used in Experiments 1 and 2 enabled the intakes of each animal to be measured daily.  Live-weights were recorded weekly during each of the three experiments.  The oven DM concentrations of the silages offered were determined daily throughout each of Experiments 1 and 2, with dried silage samples being bulked for each two week period, and the bulked samples analysed for ash, acid-detergent fibre (ADF) and neutral detergent fibre (NDF) concentrations.  Twice weekly, fresh samples of silage were analysed for nitrogen, pH, ammonia nitrogen, ethanol, propanol, volatile fatty acids, lactic acid and gross energy concentration.  Concentrate feed-stuffs offered throughout the 3 experiments were sampled on a weekly basis, with samples being bulked for each two week period and analysed for oven DM, nitrogen, ADF, NDF, ash and GE concentrations.  In addition, during the final week of each experimental period, blood samples were taken from the coccygeal vein of each animal between 09.00 and 10.30 h.  Blood plasma was analysed for beta-hydroxybutyrate (BHB), urea, non-esterified fatty acids (NEFA) and glucose concentrations using the methodology described by Keady et al. (1998).  In Experiment 3, pre- and post-grazing sward heights were measured daily in a 'W' formation across the area being grazed, while on two occasions during each week of the study, herbage available (above a height of 4 cm) was determined using the methodology described for the main systems study.

Statistical analysis (Studies 1-3)

Milk production, live-weight and intake data refer to the final week of each experimental period.  Data from Experiments 1 and 2 were analysed as 3 and 5 treatment unbalanced change-over designs using analysis of variance, while data from Experiment 3 were analysed as an unbalanced 2 x 3 factorial design experiment using analysis of variance.

Results
(Studies 1-3)

The chemical composition of the silages and concentrate feedstuffs offered in Studies 1-3 are presented in Table 42.  In Study 1 (Table 43), silage DM intakes differed significantly between each of the three treatments (P<0.05), while total DM intake for treatment F14 was significantly higher than for either treatment F6 or C14  (P<0.001).  Daily milk yield and milk protein content was significantly higher with treatments F14 and C14, than for treatment F6, while the reverse was true for milk fat content (P<0.01).  Treatment had no effect on either plasma beta-hydroxybutyrate, non-esterified fatty acids nor glucose concentrations, while plasma urea concentration was significantly higher with treatment F6 than for treatments F14 or C14 (P<0.01).

In Study 2 (Table 44), silage DM intake was unaffected by concentrate protein content (P>0.05), but decreased with increasing concentrate feed level (P<0.001).  Similarly, total DM intake was unaffected by concentrate crude protein content (P>0.05), but increased with increasing concentrate level (P<0.01).  Milk yield increased with increasing concentrate crude protein content and with increasing concentrate feed level (P<0.001), while milk composition was unaffected by treatment (P<0.05).  In Figure 5, treatment mean data have been used to determine the milk energy output response to increasing levels of concentrate containing 150 g CP/kg (treatments 150(6), 150(8) and 150(10)), with the response described by the quadratic equation:

Y = -0.325x2 + 0.71x + 53.1

where Y = milk energy output (MJ/cow/day) and x = intake of the concentrate (kg fresh/day) containing 150 g CP/kg.  By interpolation, an equivalent milk energy output as was achieved from treatments 200(6) and 250(6), i.e. from offering 6.0 kg/day of a concentrate containing 200 and 250 g CP/kg fresh (namely 88.6 and 91.4 MJ/cow/day respectively), could have been achieved through offering 7.75 or 9.75 kg/day (fresh basis) respectively of a concentrate containing 150 g CP/kg.  With the exception of plasma urea concentrations, which increased with increasing concentrate protein content (P<0.001), none of the other blood metabolites examined were affected by treatment (P<0.05).

Milk yield in Study 3 (Table 45) increased with increasing concentrate crude protein content [linear (P<0.01) and quadratic (P<0.05) trends], and with concentrate level (P<0.001).  Milk fat content showed a significant quadratic trend, being lowest with the medium protein concentrate (P<0.05), while in addition, milk fat content was reduced with the higher concentrate feed level.  Neither milk protein content nor milk energy content were affected by treatment (P>0.05).  Examination of milk energy yields indicates important positive responses to protein at both levels of concentrate feeding, with no tendency for a reduced pro rata response at the higher level of concentrate feeding.

Table 41
Ingredient composition of concentrate feedstuffs offered in Studies 1 - 3

	
	Study 1
	
	Study 2
	
	Study 3

	
	Crude protein concentration
	
	Target crude protein concentration
(g/kg fresh basis)
	
	Target crude protein concentration (g/kg fresh basis)

	
	Medium
	High
	
	150
	250
	
	110
	230

	Milled wheat
	
	
	
	590
	310
	
	
	

	Barley meal
	300
	410
	
	
	
	
	150
	90

	Maize meal
	
	
	
	
	
	
	255
	165

	Sugar beet pulp
	150
	
	
	
	
	
	430
	270

	Maize gluten
	235
	
	
	140
	140
	
	
	

	Maize distillers
	
	
	
	70
	70
	
	
	

	Soya bean meal
	150
	400
	
	110
	390
	
	95
	405

	Rape meal
	
	125
	
	
	
	
	
	

	Soya hulls
	150
	
	
	
	
	
	
	

	Megalac
	
	
	
	40
	40
	
	
	

	Mineral/vitamin mix
	15
	35
	
	30
	30
	
	25
	25

	Molasses
	
	30
	
	20
	20
	
	35
	35

	Calcined magnesite
	
	
	
	
	
	
	10
	10


Table 42
Chemical composition of feedstuffs offered in Experiments 1 - 3 (g/kg DM, unless stated otherwise)

	
	Study 1
	Study 2
	Study 3

	
	High feed value silage
	s.d.
	Medium feed value silage
	s.d.
	High protein conc.
	s.d.
	Medium protein conc.
	s.d.
	Silage
	s.d.
	Low protein conc.
	s.d.
	High protein conc.
	s.d.
	Low protein conc.
	s.d.
	High protein conc.
	s.d.
	Grazed grass
	s.d.

	Oven dry matter (g/kg)
	
	
	
	
	872
	10.22
	873
	8
	
	
	862
	8.9
	866
	9.2
	877
	1.2
	876
	6.0
	
	

	Alcohol-corrected toluene DM (g/kg)
	265
	50.7
	206
	19.2
	
	
	
	
	392
	29
	
	
	
	
	
	
	
	
	
	

	Crude protein
	174
	15.3
	128
	11.9
	316
	9.3
	203
	15.9
	136
	14.3
	169
	5.4
	287
	5.5
	132
	3.2
	258
	4.5
	175
	22.6

	Gross energy (MJ/kg DM)
	19.2
	0.8
	19.1
	0.94
	18.4
	0.1
	18
	0.06
	17.8
	0.7
	18.6
	0.12
	18.9
	0.38
	17.0
	0.08
	17.7
	0.06
	18.6
	0.49

	NDF
	484
	27.6
	484
	27.6
	258
	29.4
	394
	38.5
	464
	17.8
	188
	13.5
	184
	5.5
	246
	14.6
	223
	19.8
	588
	37.4

	ADF
	290
	11.8
	289
	11.8
	88
	7.2
	171
	19.2
	268
	8.6
	51
	5.6
	51
	3.6
	108
	5.3
	95
	11.6
	290
	24.4

	Ash
	84
	9.2
	84
	9.2
	79
	6.7
	73
	5.1
	99
	3.8
	74
	3.7
	81
	8.1
	87
	2.0
	93
	1.6
	93
	10.6

	Ammonia-N (g/kg total N)
	98
	9.6
	127
	22
	
	
	
	
	61
	7.9
	
	
	
	
	
	
	
	
	
	

	pH
	4.21
	0.214
	4.14
	0.173
	
	
	
	
	4.01
	0.18
	
	
	
	
	
	
	
	
	
	

	Lactate
	74
	32.2
	65
	28.3
	
	
	
	
	67
	24.1
	
	
	
	
	
	
	
	
	
	

	Acetate
	13
	5.9
	14.8
	6.3
	
	
	
	
	16
	3.5
	
	
	
	
	
	
	
	
	
	


Table 43
Animal performance in Study 1

	
	Treatment
	
	

	
	F6
	F14
	C14
	s.e.m.
	Sig.

	Dry matter intake (kg/day)
	
	
	
	
	

	Silage
	13.3c
	11.0b
	6.2a
	0.38
	***

	Concentrates
	5.2a
	12.0b
	12.1b
	0.32
	***

	Total
	18.5a
	23.1b
	18.3a
	0.64
	***

	Milk yield (kg/day)
	29.8a
	32.6b
	31.7b
	0.60
	**

	Milk composition (g/kg)
	
	
	
	
	

	Fat
	43.5b
	40.5a
	39.9a
	0.65
	***

	Protein
	32.2a
	34.3b
	34.1b
	0.27
	***

	Lactose
	48.1a
	48.6ab
	48.8b
	0.19
	*

	Constituent yield (g/day)
	
	
	
	
	

	Fat
	1290
	1320
	1270
	29.2
	NS

	Protein
	960a
	1110b
	1080b
	21.3
	***

	Fat + protein
	2250a
	2430b
	2350ab
	47.0
	*

	Live weight (kg)
	664a
	685b
	675ab
	5.2
	*

	Blood metabolites
	
	
	
	
	

	Beta-hydroxybutyrate (mmol/l)
	0.7
	0.6
	0.7
	0.07
	NS

	Non-esterified fatty acids (m equiv/l)
	0.16
	0.12
	0.15
	0.017
	NS

	Glucose (mmol/l)
	3.30
	3.34
	3.15
	0.059
	NS

	Urea (mmol/l)
	6.7b
	5.6a
	5.7a
	0.29
	**


Means with the same superscripts, within rows, are not significantly different (P>0.05)

Table 44
Animal performance in Study 2

	
	Treatment
	
	

	
	150 (6)
	200 (6)
	250 (6)
	150 (8)
	150 (10)
	s.e.m.
	Sig.

	Dry matter intake (kg/day)
	
	
	
	
	
	
	

	Silage
	12.3bc
	12.3bc
	12.9c
	11.5b
	10.4a
	0.30
	***

	Concentrates
	5.2
	5.2
	5.2
	6.9
	8.6
	
	

	Total
	17.5a
	17.4a
	18.1ab
	18.4b
	19.0b
	0.29
	**

	Milk yield (kg/day)
	26.4a
	27.6b
	28.2b
	28.3b
	29.4c
	0.345
	***

	Milk composition (g/kg)
	
	
	
	
	
	
	

	Fat
	40.9
	41.4
	42.7
	39.2
	38.5
	1.11
	NS

	Protein
	34.1
	33.8
	33.9
	33.8
	34.0
	0.24
	NS

	Lactose
	49.7
	49.5
	49.6
	50.3
	50.2
	0.24
	NS

	Milk energy (MJ/kg)
	3.21
	3.22
	3.27
	3.15
	3.13
	0.042
	NS

	Constituent yield (kg/day)
	
	
	
	
	
	
	

	Fat
	1064
	1139
	1185
	1110
	1130
	30.1
	NS

	Protein
	890a
	924ab
	950b
	953bc
	989c
	12.5
	***

	Fat + protein
	1955a
	2064b
	2133b
	2062b
	2120b
	34.9
	**

	Energy yield
	84.0a
	88.6b
	91.4b
	89.1b
	91.6b
	1.447
	**

	Live weight (kg)
	556
	563
	563
	559
	554
	4.889
	NS

	Blood metabolites
	
	
	
	
	
	
	

	Beta-hydroxybutyrate 
(mmol/l)
	0.5
	0.5
	0.5
	0.4
	0.4
	0.04
	NS

	Non-esterified fatty acids 
(m equiv/l)
	0.10
	0.14
	0.10
	0.09
	0.14
	0.019
	NS

	Glucose (mmol/l)
	3.42
	3.42
	3.41
	3.54
	3.54
	0.058
	NS

	Urea (mmol/l)
	3.3a
	3.8b
	4.7c
	3.2a
	3.3a
	0.15
	***


Means with the same superscripts, within rows, are not significantly different (P>0.05)

Figure 5
Concentrate sparing effect achieved through offering low levels of a high protein concentrate (Study 2)
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Table 45
Animal performance in Study 3

	
	3.6 kg concentrate/day
	7.2 kg concentrate/day
	
	Protein level
	
	

	
	Target crude protein level (g/kg)
	Target crude protein level (g/kg)
	
	
	
	

	
	110
	170
	230
	110
	170
	230
	s.e.m.
	Linear
	Quadratic
	Conc. level
	Interaction

	Concentrate DM intake (kg/day)
	3.1
	3.1
	3.1
	6.2
	6.2
	6.2
	
	
	
	
	

	Milk yield (kg/day)
	19.7
	21.9
	20.8
	21.2
	23.8
	24.1
	0.65
	**
	*
	***
	NS

	Milk composition (g/kg)
	
	
	
	
	
	
	
	
	
	
	

	Fat
	40.7
	39.3
	40.9
	39.0
	37.1
	39.6
	1.03
	NS
	*
	*
	NS

	Protein
	35.1
	36.0
	35.3
	35.2
	35.3
	35.0
	0.47
	NS
	NS
	NS
	NS

	Lactose
	48.6
	48.8
	48.6
	49.3
	48.8
	48.8
	0.19
	NS
	NS
	NS
	NS

	Milk energy (MJ/kg)
	3.21
	3.17
	3.21
	3.15
	3.08
	3.17
	0.046
	NS
	NS
	NS
	NS

	Constituent yield (g/day)
	
	
	
	
	
	
	
	
	
	
	

	Fat
	790
	846
	850
	826
	876
	941
	30.5
	**
	NS
	*
	NS

	Protein
	693
	775
	722
	742
	834
	841
	20.4
	**
	**
	***
	NS

	Fat + protein
	1483
	1621
	1570
	1567
	1710
	1782
	47.2
	**
	NS
	***
	NS

	Milk energy yield (MJ/day)
	62.7
	68.6
	66.5
	66.8
	72.8
	75.7
	1.97
	**
	NS
	***
	NS

	Live weight (kg)
	586
	586
	582
	599
	580
	592
	5.5
	NS
	NS
	NS
	NS

	Blood metabolites
	
	
	
	
	
	
	
	
	
	
	

	Beta-hydroxybutyrate (mmol/l)
	0.7
	0.6
	0.6
	0.6
	0.6
	0.6
	0.03
	NS
	NS
	*
	NS

	Non-esterified fatty acids 
(m equiv/l)
	0.12
	0.11
	0.15
	0.11
	0.09
	0.15
	0.017
	*
	*
	NS
	NS

	Glucose (mmol/l)
	2.97
	3.03
	3.11
	3.10
	3.09
	3.05
	0.041
	NS
	NS
	NS
	NS

	Urea (mmol/l)
	5.1
	6.1
	6.6
	4.4
	5.6
	6.6
	0.25
	***
	NS
	NS
	NS


A comparison of Calan gate and easy feed systems on the intake of dairy cows

(Study 4)

Introduction

Calan gate type feeding systems which allow individual animal intakes to be recorded are common in many Research Centres, and were used to record intakes during the winter periods of the main systems study.  With the Calan gate system used in this study, an average of three animals shared each gate, and as such, only one third of the animals was able to gain access to feed at any one time.  In view of this, the use of a Calan gate type feeding system might have been expected to have a negative effect on feed intake and subsequent animal performance, with a consequent negative effect on the outcome of the main systems study.  To address this issue, a study was conducted in which the intakes and behaviour of animals fed through either Calan gates or a traditional easy feed system were compared.

Material and methods
Twenty-four late lactation dairy cows [285 (s.d. 26.8) days calved at the start of the study; pre-experimental milk yield, 18.6 (s.d., 2.98) kg] were used in a two treatment, three period (period length, 14 days), change-over design study.  These animals, which were additional to those on the main systems study, were divided into two groups (each of 12 animals), with animals remaining within the same group for the duration of the study.  The two groups were housed side by side in cubicle accommodation, with the areas occupied by each group being equal in area, of the same shape, and containing 12 cubicles.  Animals within each group were offered a single diet consisting of grass silage and concentrates (60:40 on a dry matter basis), offered in the form of a mixed blend, and prepared using a mixer wagon.  This ration was offered once daily at a level designed to achieve a refusal equivalent to 10% of the previous days intake.  Animals did not have access to feed between 09.00 - 11.00 h, uneaten feed being removed at 09.00 h, while animals were allowed access to fresh feed at 11.00 h.  The ingredient composition of the concentrate feedstuff offered, on an air-dry basis (g/kg), was as follows: barley meal, 230, milled wheat, 225, sugar beet pulp, 300 and soya bean meal, 245.  In addition, a mineral/vitamin mix, at a rate equivalent to 125 g/cow/day, was added to the ration during mixing in the wagon.  The silage offered was produced from the primary growth of a perennial ryegrass sward, harvested between 22 and 28 May.

The treatments examined, CG and EF, involved two different methods of allowing animals access to their diet.  With treatment CG, animals accessed the ration via three Calan gates, each gate providing access to a feed box (dimensions: length, 120 cm; depth, 104 cm; width at top, 118 cm; width at base, 63 cm) mounted on a weigh scale and linked to an automatic cow identification, as described earlier.  All twelve animals on the treatment could access any of the three Calan gates, although no more than a maximum of three animals were able to feed at any one time.  This system allowed individual animal intakes to be recorded.  Treatment EF was designed to simulate an easy-feed system.  With system EF, three Calan gates, and their surrounding fittings, were removed, leaving three feed spaces, each 122 cm long, separated by upright steel bars.  Animals accessed the ration through these three spaces, with the ration being placed in a single feed box (dimensions: length, 385 cm; depth, 60 cm; width at top, 94 cm; width at base, 63 cm).  This box rested on two weigh scales, which allowed the weight of feed in the box to be recorded, but which did not permit individual animal intakes to be recorded.  A maximum of 8 animals were able to feed from this system at any one time.

Animals were milked twice daily, being removed for milking at 06.00 and at 17.00 h.  Post milking, animals remained in a collecting yard, without access to feed, not returning to the cubicle house until 07.00 and 18.00 h, following am and pm milking respectively.

Measurements

Daily intakes
Daily feed intakes were recorded during days 8 - 14 of each period, and a mean intake for this seven day period calculated.  With treatment CG, the automatic cow identification system allowed individual cow intakes to be determined, while group intakes were recorded with treatment EF, based on the difference between the quantity of feed offered at 11.00 h and the feed remaining at 09.00 h the following day.

Hourly intakes

On day 12 of each period, from 11.00 h through to 09.00 h the following day, the hourly feed consumption by each treatment group was recorded.  With both treatment groups, these measurements were recorded directly from the weigh scales on which the feed boxes were mounted.  Prior to measurements being taken, silage which had been tossed out of the boxes by the cows during the previous hour was replaced.

Group scan

During the 22 hour period when hourly intakes were being recorded, the numbers of animals observed feeding or queuing to feed was recorded at 10 minute intervals.  The mean activity during each hour was calculated as the mean of the 6 group scans conducted hourly.

Statistics

The analysis of the DM intake data recorded during the final week of each experimental period involved individual animal intakes for animals on the Calan gate system, and group intake data for animals on the easy feed system, with periods being used as replicates in the latter.  Hourly group intakes and mean hourly behaviour measurements were analysed using periods as replicates.

Results
Total DM intakes, based on the mean intakes recorded during the last 7 days of each experimental period, were 15.6 (s.e., 0.11) and 15.4 (s.e., 0.33) kg DM/cow/day for animals on treatments CG and EF respectively, with this difference being non significant (P<0.05).  Mean hourly DM intakes were highest during the initial 8 hour period after animals had access to fresh feed (Figure 6), declining thereafter. Between 11.00 and 12.00 h (access to feed commenced at 11.00 h), intakes associated with treatment EF were significantly (P<0.001) greater than those associated with treatment CG, while between 23.00 and 00.00 h and 04.00 and 05.00 h the reverse was true (P<0.001).  At no other time during this 22 hour observation period were hourly intakes significantly different (P>0.05).  The group scan data (Figure 7) indicates that a significantly lower number of animals were observed feeding between the hours of 11.00 h and 20.00 h with treatment CG compared to treatment EF (P<0.001), while the reverse was true between the hours of 04.00 and 05.00 h (P<0.05).  In addition, a significantly lower number of animals were observed as queuing between 11.00 and 20.00 h with treatment EF, compared to treatment CG (P<0.001).
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Figure 6
Hourly DM intakes associated with the Calan gate ( ٱ ) and easy feed system ( ■ )

Figure 7
Effect of feeding system on the number of animals recorded feeding, and queuing to feed, across a 22 hour period
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An examination of the effects of management system on the carcass composition of dairy cows
(Study 5)

Introduction

As outlined in the introduction to this report, one of the key aims of this study was to examine the long terms effects of the four contrasting grassland based systems on animal performance, including the effects on body tissue reserves.  However, a disease outbreak necessitated the slaughter of the experimental animals at the end of the second winter period, thus preventing an examination of system effects over three continuous lactations.  Nevertheless, it was realized that an analysis of the carcasses of the animals being slaughtered could provide an alternative option for assessing the cumulative effects of management system on the body tissue reserves of the animals.  This was deemed to be of particular importance in view of the findings of previous studies which indicated that the higher milk yields of high merit dairy cows are due to an increased mobilisation of body tissue reserves for milk production, together with an increased partitioning of dietary nutrients towards milk, rather than to body tissue reserves (Gordon et al., 1995)

Material and Methods

Year 2 of the main study was terminated on 8 April due to a disease outbreak.  At this stage animals on systems F-F and C-F had access to grazing for approximately 5 hours per day, while those on systems F-C and C-C were still housed for 24 hours per day.  Animals were maintained on their 8th April management regimes until slaughter on 30th April.

Slaughter data was obtained from 48 of the 80 animals on the study.  These 48 animals had been managed on the experimental diets during both Years 1 and 2 of the study, and were all greater than 50 days calved at the time of slaughter.  This represented 9, 12, 12 and 15 animals from systems F-F, F-C, C-F and C-C respectively.  These 48 animals had a mean PTA2000 for milk and for fat + protein yield of 308 (s.d., 165.5) kg and 26.4 (s.d., 8.69) kg respectively, a mean lactation number of 3.2 (s.d., 1.33) and were a mean of 155 (s.d., 46.7) days calved at the time of slaughter.  These animals had lactation milk yields of 7350, 7427, 7437, and 7953 (s.e.m., 473.4) kg in Year 1, and part lactation yields (to 8 April) in Year 2 of 3673, 3589, 4426 and 4275 (s.e.m., 457.7) kg, for systems F-F, F-C, C-F and C-C respectively.

Animals were stunned and immediately exsanguinated at a local abattoir.  The bodies of the animals were divided into eight components namely: hide, feet, udder, head including spinal cord and thymus, alimentary tract (excluding all contents except contents of omasum) plus urinogenital tract, pluck (lungs, trachea, heart, diaphragm, liver, kidneys and tail) and carcass (excluding perinephric and retroperitoneal fat).  The weight of each component was recorded at the time of collection and all components were stored at -20oC.  Each component was subsequently shredded and minced while in the frozen state and representative samples taken for determination of oven DM.  Representative samples of each component were also taken for determination of nitrogen, total lipid and gross energy concentrations.

Statistical analysis

The data was analysed by analysis of variance as a four treatment (system) study with an unequal number of replicates per treatment.  Live weight recorded post-calving in Year 1 was used as a covariate when analysing the weights of each of the body components and the weights of gross energy, lipid and protein within a component.

Results

The results of this study are presented in Table 46.  System had no significant effect on any of the parameters measured (P>0.05).
Table 46
System effects on the weight and concentration of body components of cows at slaughter

	
	Treatment
	
	

	
	F-F
	F-C
	C-F
	C-C
	s.e.m.
	Sig.

	Liveweight pre-slaughter (kg)
	585
	569
	599
	597
	11.4
	NS

	Weight of component (kg)
	
	
	
	
	
	

	Empty body
	396
	395
	411
	402
	9.4
	NS

	Gut
	57
	62
	67
	62
	2.6
	NS

	Carcass
	234
	229
	239
	237
	6.7
	NS

	Udder
	24.4
	23.7
	24.8
	23.1
	1.26
	NS

	Head
	17.9
	18.2
	18.1
	17.8
	0.34
	NS

	Feet
	10.7
	10.9
	10.5
	10.6
	0.25
	NS

	Hide
	27.5
	27.4
	27.2
	27.8
	0.70
	NS

	Pluck
	24.6
	24.4
	24.2
	24.2
	0.49
	NS

	Chemical composition and yield of chemical constituents within components

	Empty body
	
	
	
	
	
	

	Gross energy content (MJ/kg DM)
	8.0
	8.6
	8.2
	8.3
	0.34
	NS

	Lipid content (g/kg)
	87
	106
	96
	96
	8.8
	NS

	Protein content (g/kg)
	190
	182
	186
	187
	2.2
	NS

	Gross energy yield (MJ)
	3201
	3451
	3371
	3327
	203.8
	NS

	Lipid yield (g)
	35779
	42840
	39762
	38837
	4408.9
	NS

	Protein yield (g)
	75499
	72259
	75500
	75099
	1259.9
	NS

	Gut
	
	
	
	
	
	

	Gross energy content (MJ/kg DM)
	6.1
	6.8
	6.5
	6.7
	0.52
	NS

	Lipid content (g/kg)
	81
	102
	101
	104
	14.3
	NS

	Protein content (g/kg)
	113
	104
	104
	108
	3.0
	NS

	Gross energy yield (MJ)
	352
	427
	431
	420
	39.7
	NS

	Lipid yield (g)
	4714
	6533
	6685
	6556
	1003.3
	NS

	Protein yield (g)
	6526
	6410
	6857
	6679
	276.5
	NS

	Carcass
	
	
	
	
	
	

	Gross energy content (MJ/kg DM)
	8.5
	9.3
	8.8
	8.7
	0.38
	NS

	Lipid content (g/kg)
	96
	116
	103
	100
	9.6
	NS

	Protein content (g/kg)
	203
	196
	201
	203
	2.6
	NS

	Gross energy yield (MJ)
	2037
	2174
	2105
	2076
	138.4
	NS

	Lipid yield (g)
	23479
	27317
	24853
	23882
	2885.7
	NS

	Protein yield (g)
	47687
	45340
	47471
	47888
	994.2
	NS

	Udder
	
	
	
	
	
	

	Gross energy content (MJ/kg DM)
	5.3
	5.6
	5.3
	5.3
	0.21
	NS

	Lipid content (g/kg)
	60
	69
	64
	62
	5.0
	NS

	Protein content (g/kg)
	114
	113
	110
	113
	3.5
	NS

	Gross energy yield (MJ)
	130
	134
	134
	121
	9.6
	NS

	Lipid yield (g)
	1504
	1661
	1597
	1409
	0.6
	NS

	Protein yield (g)
	2759
	2664
	2734
	2602
	134.8
	NS


Effect of harvesting frequency on herbage yield and composition

(Study 6)

Introduction

Within any year of the main systems study, the high and medium feed value silages produced were harvested from different fields, with these fields differing to varying extents in terms of soil type, sward age and composition, and previous management regimes.  Consequently it is possible that measurements of total herbage DM harvested with each harvesting system over the season were not compared on a equal basis.  However, accurate measures of herbage DM yields are necessary to allow the silages offered within the main systems study to be costed, with this being necessary to allow an economic evaluation of each of the four systems to be undertaken.  Consequently, a plot study was established in the Spring of 2001 to provide accurate measurements of herbage yield across a range of harvesting systems, thus allowing the 'accuracy' of yields obtained within the field scale measures to be evaluated.

Materials and Methods

The study was conducted at two different sites at Hillsborough.  At each site, sixteen plots (each measuring 2 x 5 m) were arranged in four blocks (Figure 8).  Four treatments were examined, namely herbage harvested within a 2 (2H), 3 (3H), 4 (4H) and 5 (5H) harvest system.  Cutting dates were pre-determined prior to the start of the study, with the first harvest within treatments 2H, 3H, 4H and 5H being taken on 4 June, 21 May, 10 May and 30 April respectively.  Thereafter, successive harvests were taken at 63 (single harvest), 42 (two harvests), 35 (three harvests) and 28 (4 harvests) day intervals with treatments 2H, 3H, 4H and 5H respectively, with the final harvest being taken on 6 August, 13 August, 23 August and 20 August respectively.  After the final harvest within each of the harvesting regimes, a residual harvest was taken from all plots on 18 September.  At each harvest a strip of herbage (90 cm wide) was harvested from the centre of each plot, along its full length (to a height of 4.0 cm) using an Agri-Mower.  Herbage harvested was weighed and its oven dry matter (DM) concentration determined.  In addition, a fresh sample of herbage from each plot was analysed for acid detergent fibre (ADF), crude protein and metabolisable energy (ME) concentration using Near-infrared Reflectance Spectroscopy (NIRS).  The remainder of the herbage within each plot was harvested and discarded.  All plots received 57 kg N/ha (in the form of urea) on 14 February.  A second application of a compound fertiliser (21:0:14) was applied to all plots on 5 April, with the application being equivalent to 2.0 kg N/ha per day for each day remaining prior to the date of the first harvest.  After each of the remaining harvests (excluding the residual harvest), fertiliser N was applied at this same rate (2.0 kg N/ha per day) for each day remaining prior to the date of the next harvest.  Total N inputs with each system until the date of the residual harvest were equal at 393 kg/ha, while total N inputs within treatments 2H, 3H, 4H and 5H prior to the, 2nd, 3rd, 4th and 5th harvests were 303, 317, 337 and 331 kg/ha respectively.

Statistical analysis

Data were analysed as a 2 (sites) x 4 (harvesting systems) factorial design experiment.

Results and discussion

Site had no significant effect on any of the parameters measured, while harvesting frequency had a significant effect (P<0.001) on each of the parameters measured (Table 47).  Herbage quality increased with increasing harvesting frequency, as reflected in the increasing herbage crude protein and ME concentration and decreasing ADF concentration.  Herbage DM yields decreased with increasing harvesting frequency, although yields associated with the three and four harvest systems were not significantly different.  Total DM yields until 18 September followed a similar trend.

Table 47
Effect of harvesting frequency on herbage yield and composition

	
	Treatment
	
	

	
	2H
	3H
	4H
	5H
	s.e.m.
	Sig.

	Composition of herbage harvested†
	
	
	
	
	
	

	Crude protein (g/kg DM)
	124a
	170bc
	159b
	177c
	5.7
	***

	Acid detergent fibre (g/kg DM)
	359d
	318c
	296b
	280a
	3.94
	***

	Metabolisable energy (MJ/kg DM)
	9.6a
	10.3b
	10.7c
	11.0d
	0.07
	***

	Herbage yield†
	
	
	
	
	
	

	Dry matter (t/ha)
	17.8c
	14.9b
	15.8b
	13.9a
	0.34
	***

	Metabolisable energy (GJ/ha)
	170b
	154a
	170b
	153a
	3.3
	***

	Days from final harvest to residual harvest (18 September)
	43
	36
	26
	29
	
	

	Residual herbage dry matter yield (t/ha)
	3.1d
	2.7c
	1.7a
	1.9b
	0.06
	***

	Total herbage DM yield to 18 Sept. (t/ha)
	20.8c
	17.6b
	17.6b
	15.8a
	0.34
	***


† Within the 2, 3, 4 and 5 harvest regimes

Means with the same superscripts, within rows, are not significantly different (P>0.05)

Figure 8
Layout of plots within each of the two sites
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An examination of nutrient utilisation associated with each of the winter feeding systems
(Study 7)
Introduction

The rations offered within the winter components of the study differed in terms of the feed value of the silages offered, the composition of the concentrates offered, and the forage to concentrate ratios achieved within the overall diets.  Consequently, different levels of nutrient utilisation might have been expected to be associated with each of the rations.  To examine this issue, full ration digestibility studies were conducted on each of the rations offered during the winter periods in Years 1 and 2 of the study.

Materials and methods

During each of Years 1 and 2, a total of six dairy cow balance studies were conducted, four on the rations based on the high feed value silages (Harvests 1 - 4), and two on the rations based on the medium feed value silages (Harvests 1 and 2).  These studies were conducted using 3 late lactation dairy cows per ration, the animals used not being part of the main systems study.  During these studies animals were tied in individual stalls within a cow shed, with fresh rations being offered daily, between 10.00 and 11.00 h.  With rations based on the medium feed value silages, rations for each animals were prepared individually, with the silage and concentrate component of the ration being mixed in a 'mini mixer' in the same proportions as achieved with each silage in the main systems study.  Daily intakes of silage and concentrates were calculated assuming no preferential selection of either the silage or concentrates from the mixture offered.  With rations based on the high feed value silages, the silage component of the diet was offered in a single feed, while the concentrate component of the diet was split between four equal feeds, with these being offered at 05.00, 11.00, 16.00 and 22.00 h, so as to simulate the feeding regime achieved with the out-of-parlour feeder system.  Animals were offered their experimental rations for a 14 day period, with faecal and urine outputs being measured daily over a six day period thereafter, using the procedures described by Mayne and Gordon (1994).  These animals were milked at 06.45 and 16.45 h throughout the period when nutrient utilisation was being measured.

Results and discussion

Mean data for each of the twelve rations offered are presented in Table 48.  Rations based on the high feed value silages (F-F and F-C) had significantly (P<0.01) lower digestibility coefficients for each of the parameters examined than those based on the medium feed value silages (C-F and C-C).  Similarly, across the two years of the study, the ME concentration of the rations based on the high feed value silages was 11.9 MJ/kg DM, compared to an ME concentration of 12.3 MJ/kg DM for the rations based on the medium feed value silages (P<0.05).

Table 48
Nutrient utilisation associated with the rations offered during the winter periods of Years 1 and 2, as determined using lactating dairy cows

	
	Systems C-F and C-C
	Systems F-F and F-C
	
	
	System
	
	

	
	Harvest 1
	Harvest 2
	Harvest 1
	Harvest 2
	Harvest 3
	Harvest 4
	
	
	C-F and C-C
	F-F and F-C
	
	

	
	Year 1
	Year 2
	Year 1
	Year 2
	Year 1
	Year 2
	Year 1
	Year 2
	Year 1
	Year 2
	Year 1
	Year 2
	s.e.m.
	Sig
	
	
	s.e.m.
	Sig

	Dry matter intakes
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Concentrate
	10.4
	12.5
	8.7
	10.5
	5.2
	5.3
	5.2
	5.3
	5.2
	5.2
	5.2
	5.2
	0.43
	***
	5.2
	10.5
	0.30
	***

	Silage
	6.9
	7.3
	6.3
	6.6
	9.7
	10.6
	13.4
	11.7
	11.3
	11.9
	12.0
	11.6
	0.58
	***
	11.6
	6.8
	0.34
	***

	Total
	17.3
	19.9
	15.0
	17.1
	14.9
	15.8
	18.6
	17.0
	16.5
	17.1
	17.2
	16.8
	0.88
	*
	16.8
	17.3
	0.53
	NS

	Digestibility
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dry matter
	0.772
	0.742
	0.749
	0.710
	0.809
	0.787
	0.784
	0.767
	0.755
	0.775
	0.800
	0.753
	0.0111
	***
	0.777
	0.743
	0.0075
	***

	Organic matter
	0.802
	0.763
	0.789
	0.742
	0.828
	0.808
	0.811
	0.792
	0.784
	0.804
	0.823
	0.794
	0.0098
	***
	0.805
	0.774
	0.0066
	***

	Energy
	0.776
	0.740
	0.756
	0.713
	0.803
	0.785
	0.781
	0.766
	0.744
	0.768
	0.791
	0.775
	0.0112
	***
	0.776
	0.746
	0.0073
	**

	Nitrogen
	0.727
	0.672
	0.684
	0.657
	0.788
	0.741
	0.756
	0.748
	0.718
	0.766
	0.777
	0.750
	0.0172
	***
	0.754
	0.685
	0.0098
	***

	ADF
	0.674
	0.706
	0.659
	0.672
	0.690
	0.763
	0.679
	0.802
	0.640
	0.814
	0.713
	0.769
	0.0156
	***
	0.736
	0.678
	0.0159
	**

	NDF
	0.666
	0.685
	0.649
	0.668
	0.719
	0.745
	0.690
	0.775
	0.664
	0.785
	0.732
	0.741
	0.0156
	***
	0.732
	0.667
	0.0115
	***

	DOMD
	0.729
	0.708
	0.722
	0.687
	0.759
	0.744
	0.732
	0.724
	0.710
	0.735
	0.745
	0.725
	0.0089
	***
	0.733
	0.711
	0.0057
	**

	Metabolisable energy concentration (MJ/kg DM)†
	12.3
	12.1
	11.8
	11.3
	13.1
	13.0
	12.0
	12.2
	11.7
	11.6
	12.2
	12.9
	0.22
	***
	12.3
	11.9
	0.17
	*


†  Methane energy loss calculated according to Yan et al. (2000), urine energy loss determined directly

An examination of the effect of management system on milk progesterone concentrations
(Study 8)
Introduction

The increasing incidence of fertility problems in high genetic merit dairy cows has gained much attention recently, with nutritional management being one of many factors suggested as contributing to infertility.  In view of the very different feeding regimes imposed within the main systems study, it was important to identify if there was evidence of system having an effect on the fertility of the animals involved.  While the limitations associated with using small numbers of animals to assess fertility is well known, milk progesterone analysis can be used as a means of assessing cyclicity within an animal, with this measure not being dependent on visual observations.  In addition, progesterone measures can also provide a useful tool to aid in identifying reasons for actual levels of fertility observed.

Materials and methods

During each of Years 2, 3, and 4, milk samples were taken twice weekly (Monday and Thursday) during morning milking for the determination of milk progesterone concentrations.  This sampling continued until an animal was diagnosed as being in-calf via rectal palpation.  Milk progesterone concentrations were determined using radio immunoassay, as described by McCaughey and Gordon (1979).

Results

The milk progesterone data were used to examine a number of issues:


1)
Days to commencement of luteal activity (CLA)


2)
The efficiency of heat detection


3)
The occurrence of abnormal oestrus cycles

Commencement of luteal activity (CLA)
This is defined as the date when the first of two successive milk progesterone concentrations exceeded 3 ng/ml milk.  The effect of system on days to CLA has been determined for each of Years 2, 3 and 4, with this data presented in Table 49.

Table 49
Effect of system on days to CLA in each of Years 2, 3 and 4

	
	F-F
	F-C
	C-F
	C-C
	SEM
	Sig

	Year 2
	27
	32
	46
	39
	5.2
	*

	Year 3
	29
	34
	32
	28
	3.3
	NS

	Year 4
	27
	58
	42
	36
	4.6
	***


Although system F-F was associated with the lowest number of days to CLA in each of years 2 and 4, there was little commonality between years in relation to the effect of system on days to CLA.  For example, while system appeared to have little effect on days to CLA in Year 3, systems C-F and F-C were associated with considerably higher days to CLA in each of Years 2 and 4 respectively.

Efficiency of heat detection 

Using the milk progesterone data, it is possible to compare the numbers of heats actually observed with the number of heats which actually occurred, and as such, to calculate the efficiency of heat detection.  The proportions of heats detected in each of Years 2, 3 and 4 are presented in Table 50.

Table 50
Efficiency of heat detection in each of Years 2, 3 and 4 (%)

	
	F-F
	F-C
	C-F
	C-C

	Year 2
	57
	58
	55
	57

	Year 3
	62
	76
	74
	69

	Year 4
	63
	70
	67
	54


The mean efficiency of heat detection in each of Years 2, 3 and 4 was 57%, 70% and 63% respectively, while the overall level of heat detection in the study was 64%.  System appeared to have no consistent effect on the efficiency of heat detection during the study.

Occurrence of abnormal cycles

The system described by Lamming and Royal (2001) has been used to quantify the number of abnormal cycles occurring during the study.  Definitions of each of the abnormal cycles identified are given in Table 51, while examples of milk progesterone profiles associated with these abnormal cycles are presented in Figure 9.

Figure 9
Milk progesterone profiles for (a) normal cycle (b) DLOV1 (c) DLOV2 (d) PCL1 and (e) PCL2, as described by Lamming and Royal (2001)
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Table 51
Description and definition of abnormal cycles (based on Lamming and Royal, 2001)

	
	Hormonal pattern
	Definition

	DLOV1
	Prolonged anovulation postpartum
	Milk progesterone (<3 ng/ml) for >45 days post partum

	DLOV2
	Prolonged inter-luteal interval
	Milk progesterone (<3 ng/ml) for >12 days between two luteal phases

	PCL1
	Delayed luteolysis during the first oestrus cycle
	Milk progesterone (<3 ng/ml) for >19 days during first postpartum oestrous cycle

	PCL2
	Delayed luteolysis during subsequent oestrus cycles before insemination
	Milk progesterone (<3 ng/ml) for >19 days during subsequent postpartum oestrous cycle


On the basis of the above definitions, the percentage of animals experiencing abnormal cycles (mean for Years 2, 3 and 4) are presented in Table 52.  It is important to note that an individual animal may experience more that one abnormality.

Table 52
Percentage of animals experiencing abnormal cycles (mean for Years 2, 3 and 4)

	
	DLOV1
	DLOV2
	PCL1
	PCL2

	F-F
	5.5
	31.4
	22.0
	16.5

	F-C
	18.2
	22.0
	7.2
	20.4

	C-F
	16.5
	22.0
	5.5
	16.5

	C-C
	11.0
	23.7
	11.0
	11.0


While the data in Table 52 clearly highlights the fact that a large number of animals experienced abnormal cycles, there were no clear trends for a specific system to be associated with a particular type of abnormality.

An examination of the effects of winter management regime on blood metabolites 

(Study 9)

Introduction
Blood metabolic profiles can provide a useful tool to monitor the energy and nitrogen status of dairy cows in early lactation.  In view of the very different diets offered during the winter of the current study, it was decided to establish a series of metabolic profiles for each of the systems.

Materials and methods

During each of the winter periods in Years 1 and 2 of the study, blood samples were taken from the coccygeal vein of each animal at 2, 4, 6, 10 and 14 weeks (± 3 days) post calving (Year 1) and 2, 4, 6, 8, 10 and 14 weeks (± 3 days) post calving (Year 2).  As a consequence of the spread of calving dates, the winter period was completed before all animals had been subjected to the full blood sampling regime.  The actual number of animals sampled at each of 2, 4, 6, 10 and 14 weeks post calving in Year 1 was 76, 76, 64, 56 and 42, while the actual number of animals sampled at each of weeks 2, 4, 6, 8, 10 and 14 post calving in Year 2 was 69, 64, 64, 58, 50 and 39 respectively.  Samples were taken between 09.00 and 10.30 h.  Blood plasma was analysed for beta-hydroxybutyrate (BHB), urea, non-esterified fatty acids (NEFA) and glucose concentrations, using the methodology described by Keady et al. (1998).

Statistical analysis

Blood data at each sampling period in Years 1 and 2 were analysed by ANOVA as a four treatment completely randomised design, with an unequal and decreasing number of replicates for each sampling period.

Results

At each sampling period in each of Years 1 and 2, system had a significant effect on blood urea concentrations (P(0.01), with concentrations at most sampling periods being higher for systems F-F and F-C, than for systems C-F and C-C (Figure 10).  System had no significant effect on plasma glucose concentrations at any sampling period during either year of the study (P<0.05), with concentrations tending to increase with time post calving.  Plasma BHB concentrations were not significantly affected by system in Year 1, although concentrations tended to be higher for animals on systems F-F and F-C, than for those on systems C-F and C-C.  Although BHB concentrations were considerably greater with animals on systems F-F and F-C than systems C-F and C-C during weeks 2 and 4 post calving in Year 2, this difference was only significant during week 4 (P<0.001).  NEFA concentrations tended to decrease during the 14 week period post calving irrespective of system, however the effect of system was very different in Years 1 and 2.  In Year 1, NEFA concentrations tended to be higher with systems C-F and C-C, than with systems F-F and F-C, with this difference being significant at week 4 (P<0.01), while the reverse was true in Year 2, with the difference being significant at week 6 (P<0.05).

Figure 10
Changes in blood metabolites during the winter periods (calving to 14 weeks post calving) in Years 1 and 2 ( --(--F-F; --(-- F-C;   (  C-F;   (   C-C) 
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SECTION III

ECONOMIC APPRAISAL

Introduction

One of the key aims of this study was to provide a framework of animal production data which would allow both simple and complex economic appraisals of each the four systems to be undertaken.  In addition, the production data from subsidiary studies 1 - 3 permit the economic consequences of modifying some of the components within a system to be examined.  This section of the report seeks to put economic values to the various outputs and variable costs associated with each of the systems, and to use these to examine the effects of system on gross margin.  In addition, a number of sensitivity analyses have been undertaken to examine the effect of altering concentrate, fertiliser and milk price on the gross margin associated with the different systems.

Economic values and costs used in gross margin analysis

In undertaking the gross margin analysis, it was first necessary to attribute accurate economic values to the various outputs and variable costs associated with each of the systems.  The methodology involved in costing each of these, including assumptions made, are highlighted below.  In view of the incomplete nature of the Year 2 data, these economic appraisals have been based on data from Years 1, 3 and 4 only.

Value of outputs

The values which have been attached to the various outputs in the economic appraisal are highlighted below:

Milk

In the analysis the following pricing structure has been applied to the milk produced:

Milk price
=
18 pence/litre

Base protein level
=
31.8 g/kg

Base fat level
=
40.0 g/kg
Protein bonus
=
(3.2 pence per 10 g/kg increase/decrease in protein above the base level

Fat bonus
=
(1.8 pence per 10 g/kg increase/decrease in fat above the base level

Cull cows:

Cull cows have been valued at £280 each.

Replacement cost:

The cost of each replacement heifer was assumed as £750.  In addition it was assumed that system had no effect on herd replacement rate.  This decision was justified on the basis that neither the health, fertility nor culling data provided evidence of any system being associated with a higher culling rate than another system.  A herd replacement rate of 30% was assumed in the subsequent analysis.  Thus, taking into account the value of a cull cow, and assuming a 30% replacement rate, actual replacement costs were calculated at £141/cow/year.

Calf value:

The value of calves produced from the systems has been assumed as £50/cow/year.  This is based on a value of £50 and £70 per bull and heifer calf respectively, and a assumed mortality rate of 20%.

Variable costs

The values attached to the various variable costs are highlighted below:

Costs of concentrate feed stuffs:

The costs attributed to the concentrate feed stuffs offered during the study relate to feedstuffs purchased in bulk by a medium to large sized dairy farm, from a local feed mill, and are inclusive of a delivery charge.  Concentrate costs were determined based on the mean Northern Ireland prices of raw ingredients during January-March 2002, (based on bulk purchased of raw ingredients by a feed mill from an importer), with additional costs being added for milling, mixing, pelleting, delivery and 'mark up'.  The costs of the raw ingredients, together with other relevant costs, are outlined in Table 53.

Table 53
Costs of feed ingredients, and other compounding costs

	
	Cost (£/t fresh)

	Ingredient
	

	Barley (includes milling charge of £13.5/t)†
	94.5

	Wheat (includes milling charge of £13.5/t)†
	98.5

	Maize meal
	102

	Molassed sugarbeet pulp
	99

	Soya-hulls
	82

	Citrus pulp
	75

	Soya-bean meal
	168

	Rape meal
	116

	Fish meal
	365

	Maize distillers
	93

	Maize gluten
	83

	Molaferm
	84

	Megalac
	345

	Calcined magnesite
	135

	High P mineral/vitamin mix
	267

	Dry cow minerals
	332

	Other costs
	

	Mixing cost†
	4.85

	Pelleting cost†
	11.75

	Delivery cost
	5.0

	'Mark up'
	15


†  Northern Ireland Farm Business Data, 2001

Using these values, the cost of the concentrates offered during each year of the study was determined, and a mean cost for each concentrate over the three year period (Years 1, 3 and 4) determined.  These were as follows:


Winter concentrates:



High protein (systems F-F and F-C)
=
£175/t 



Medium protein (systems C-F and C-C)
=
£133/t 


Grazing concentrates:



High magnesium (systems F-F and C-F)
=
£158/t 



Grazing concentrate (systems F-C and C-C)
=
£156/t 


Dry cow meal:
=
£126/t 

In addition, the concentrates offered in subsidiary studies 1 - 3 were costed using the same methodology.  Prices for these are as follows:


Subsidiary study 1:



High protein concentrate:
=
£169/t



Medium protein concentrate:
=
£129/t


Subsidiary study 2:



Low protein concentrate:
=
£155/t



Medium protein concentrate:
=
£164/t



High protein concentrate:
=
£174/t


Subsidiary study 3:



Low protein concentrate:
=
£146/t



Medium protein concentrate:
=
£157/t



High protein concentrate:
=
£168/t

Silage costs:

The methodology and values used in determining the cost of the high and medium feed value silages are presented in Tables 54 and 55 respectively.  These costs incorporated the following broad principles and assumptions:

Establishment cost:
A sward establishment cost has been included, based on current contractor charges (local Northern Ireland rates) for each of the operations involved in reseeding, while seed, lime, fertiliser and sprays have been costed at current market prices.  This establishment cost has been converted to a per annum basis by dividing the total establishment cost by the estimated sward life.  No figures were found in the literature relating sward life to harvesting frequency, however it is well known that sward quality deteriorates with reduced harvesting frequency.  Consequently, based on anecdotal evidence, a 6 and 10 year sward life was assumed for the two and four harvest regimes respectively.

Table 54
Costs involved in the production of the high feed value grass silage
	Component contributing to cost
	
	Summary cost (£/ha)

	Sward establishment costs
	
	
	
	

	
	
	
	Cost (£/ha)
	

	Ploughing
	
	
	30
	

	Power harrow
	
	
	20
	

	Sowing/rolling
	
	
	35
	

	Seed
	
	
	70
	

	Lime
	
	
	70
	

	Fertiliser
	
	
	54
	

	Sprays (sward kill)
	
	
	25
	

	Spray application
	
	
	10
	

	Total
	
	
	314
	

	Establishment cost/year (assumes a 10 year sward life)
	31.4
	31.40

	Fertiliser
	
	
	
	

	
	kg applied
	Cost/t (£)
	Cost/ha (£)
	

	Urea
	136
	138
	18.8
	

	CAN
	345
	114
	39.3
	

	Compound fertiliser
	720
	124
	89.3
	

	Total fertiliser cost
	
	
	147.4
	147.38

	Contractor
	
	
	
	

	
	Frequency of operation/year (n= )
	Cost of operation
(£/ha)
	Total cost/ha
(£)
	

	Silage harvesting
	
	
	
	

	Mowing
	4
	16
	64
	

	Rowing
	4
	5
	20
	

	Lifting
	4
	52
	208
	

	Buckraking
	4
	10
	40
	

	Total
	
	
	332
	

	Less a 20% reduction due to lower yields
	265.6
	265.6

	Fertiliser spreading
	5
	8
	40
	40

	Spraying (including sprays)
	0.25
	41
	10.25
	10.25

	Silo covers (£/ha)
	
	
	3.6
	3.6

	Total costs
	
	
	
	498.23

	Based on a yield of utilised silage of 10.8 t per ha, the cost 
per t of silage utilised =
	£46.1/t DM


Table 55
Costs involved in the production of the medium feed value grass silage
	Component contributing to cost
	
	Summary cost (£/ha)

	Sward establishment costs
	
	
	
	

	
	
	
	Cost (£/ha)
	

	Ploughing
	
	
	30
	

	Power harrow
	
	
	20
	

	Sowing/rolling
	
	
	35
	

	Seed
	
	
	70
	

	Lime
	
	
	70
	

	Fertiliser
	
	
	54
	

	Sprays (sward kill)
	
	
	25
	

	Spray application
	
	
	10
	

	Total
	
	
	314
	

	Establishment cost/year (assumes a 6 year sward life)
	52.3
	52.33

	Fertiliser
	
	
	
	

	
	kg applied
	Cost/t (£)
	Cost/ha (£)
	

	Urea
	113
	138
	15.6
	

	CAN
	232
	114
	26.4
	

	Compound fertiliser
	503
	124
	62.4
	

	Total fertiliser cost
	
	
	104.4
	104.41

	Contractor
	
	
	
	

	
	Frequency of operation/year (n= )
	Cost of operation
(£/ha)
	Total cost/ha
(£)
	

	Silage harvesting
	
	
	
	

	Mowing
	2
	16
	32
	

	Rowing
	2
	5
	10
	

	Lifting
	2
	52
	104
	

	Buckraking
	2
	10
	20
	

	Total
	
	
	166
	166

	Fertiliser spreading
	3
	8
	24
	24

	Spraying (including sprays)
	0.25
	41
	10.25
	10.25

	Silo covers (£/ha)
	
	
	3.6
	3.6

	Total costs
	
	
	
	360.60

	Based on a yield of utilised silage of 10.7 t per ha, the cost 
per t of silage utilised =
	£33.7/t DM


Fertiliser costs:
These were based on the actual fertiliser application rates involved in the production of the high and medium feed value silages (Table 7).  Mean fertiliser application rates across Years 1, 3 and 4 were 113, 232 and 503 kg/ha of urea, calcium ammonium nitrate (CAN) and compound fertiliser (21:0:14) respectively for the two harvest system and 136, 345 and 720 kg/ha of urea, CAN and compound fertiliser respectively with the four harvest system.  Fertiliser costs were based on current Northern Ireland costs (Spring of 2002), with these being as follows:


Urea
=
£138/t


CAN
=
£114/t


Compound (21:0:14)
=
£124/t

Sprays:
The cost of a herbicide spray (£31/ha), applied once every four years with both harvesting systems, has been included.

Contractor costs:
All harvesting operations, fertiliser spreading and spraying operations involved in the production of the high and medium feed value silages were costed according to current contractor charges (local Northern Ireland Rates).  In view of the lower yields per harvest associated with the high feed value silage system, the cost of all harvesting operations were reduced by 20%, a reduction similar to that likely to negotiated in practice.

Silo cover:
The cost of covering the silo was included at £3.60/ha.

Silo depreciation:
No cost has been included for silo depreciation, depreciation not normally being included in gross margin budgets.

Herbage yields:
Mean herbage yield figures from Years 1, 3 and 4 were used in these costings, with values being 12.8 and 11.9 t DM respectively for the two and four harvest systems.  As these represented the actual yields of herbage removed from the field, no adjustment was necessary to take account of field losses.  However, in-silo losses and feed out losses must be included.  In-silo losses were assumed to be 6.0% and 13.4% for the high and medium feed value silages respectively (Mayne and Gordon, 1986), while feed out losses were assumed as 3.0% with both silage types.  Taking these losses into account, the yield of silage DM utilised/ha was calculated as 10.7 and 10.8 t DM/ha with the medium and high feed value silages respectively.

Cost/t silage DM offered:
The cost of the silages were determined by dividing total production costs/ha, by the yield of utilised silage DM per ha.  The values obtained were as follows:


High feed value silage:
£46.1/t silage DM utilised


Medium feed value silage:
£33.7/t silage DM utilised

Cost of grazed grass:

The approach used to cost grazed grass in this study was not dependent upon measurements of grass intake or herbage utilisation rates.  Rather, the methodology used costed the actual inputs to the area grazed, namely fertiliser, grass topping and fertiliser application.  Costs per ha were calculated by dividing the total costs by the area grazed, and these were then determined on a per cow basis by dividing the per ha cost by the appropriate stocking rate.  The methodology and values used in determining the cost of the two grazing regimes are presented in Tables 56 and 57 respectively.  These costs incorporated the following broad principles and assumptions:

Establishment cost:
As with the silages, a sward establishment cost has been included, with this being spread over a 15 year sward life with both grazing regimes.

Fertiliser costs:
These were based on the mean fertiliser application rates per ha over the course of the season in Years 1, 3 and 4 of the study.  These fertiliser inputs were calculated from the average data in Table 22, divided by the mean areas grazed within each of the two grazing systems across the 3 years of the study, namely 8.84 and 6.95 ha for the lax and tight grazing system respectively (Tables 24 - 26).  These fertiliser applications rates were 129, 1232 and 146 kg/ha of urea, CAN and compound fertiliser (21:0:14) respectively, with the tight grazing system, and 153, 1037 and 171 kg/ha of urea, CAN and compound fertiliser with the lax grazing system.  Costs of each type of fertiliser were as detailed above.

Contractor charges:
Total areas fertilised and topped within each year of the study (Tables 24 - 26) were divided by the mean areas grazed, to give a mean area topped/fertilised per ha grazed, with mean values being determined for the three year period.  In addition, it was assumed that the entire grazing area within each system was sprayed for weeds once every 4 years.  Topping, fertiliser spreading and spraying were costed at Northern Ireland local contractor rates.

Grazing costs per cow:
Grazing costs were subsequently calculated on a per cow basis by dividing the total costs per system (per ha basis) by the mean number of cows/ha over the grazing season.  Costs were as follows:


Lax grazing:
£63.6/cow 


Tight grazing:
£47.8/cow

Sundry costs:

These have been assumed at £70/cow/year.

Table 56
Costs involved in the lax grazing system (F-F and C-F)
	Component contributing to cost
	
	Summary cost (£/ha)

	Sward establishment costs
	
	
	
	

	
	
	
	Cost (£/ha)
	

	Ploughing
	
	
	30
	

	Power harrow
	
	
	20
	

	Sowing/rolling
	
	
	35
	

	Seed
	
	
	70
	

	Lime
	
	
	70
	

	Fertiliser
	
	
	54
	

	Sprays (sward kill)
	
	
	25
	

	Spray (herbicide)
	
	
	31
	

	Spray application (x 2)
	
	
	20
	

	Total
	
	
	355
	

	Establishment cost/year (assumes a 15 year sward life)
	23.7
	23.67

	Fertiliser
	
	
	
	

	
	kg applied
	Cost/t (£)
	Cost/ha (£)
	

	Urea
	153
	138
	21.1
	

	CAN
	1037
	114
	118.2
	

	Compound fertiliser
	171
	124
	21.2
	

	Total fertiliser cost
	
	
	160.5
	160.54

	Contractor
	
	
	
	

	
	Area treated/year per ha grazed (ha)
	Cost of operation
(£/ha)
	Total cost/ha 
(£)
	

	Topping
	2.3
	12
	27.6
	27.6

	Fertiliser spreading
	7.2
	8
	57.6
	57.6

	Spraying (including sprays)
	0.25
	41
	10.25
	10.25

	Total costs
	
	
	
	279.65

	Based on a stocking rate of 4.4 cows/ha, the cost attributed to grazing =
	£63.6/cow


Table 57
Costs involved in the tight grazing system (F-C and C-C)
	Component contributing to cost
	
	Summary cost (£/ha)

	Sward establishment costs
	
	
	
	

	
	
	
	Cost (£/ha)
	

	Ploughing
	
	
	30
	

	Power harrow
	
	
	20
	

	Sowing/rolling
	
	
	35
	

	Seed
	
	
	70
	

	Lime
	
	
	70
	

	Fertiliser
	
	
	54
	

	Sprays (sward kill)
	
	
	25
	

	Spray (herbicide)
	
	
	31
	

	Spray application (x 2)
	
	
	20
	

	Total
	
	
	355
	

	Establishment cost/year (assumes a 15 year sward life)
	23.7
	23.67

	Fertiliser
	
	
	
	

	
	kg applied
	Cost/t (£)
	Cost/ha (£)
	

	Urea
	129.2
	138
	17.8
	

	CAN
	1231.9
	114
	140.4
	

	Compound fertiliser
	145.9
	124
	18.1
	

	Total fertiliser cost
	
	
	176.4
	176.36

	Contractor
	
	
	
	

	
	Area treated/year per ha grazed (ha)
	Cost of operation
(£/ha)
	Total cost/ha
(£)
	

	Topping
	0
	12
	0
	0

	Fertiliser spreading
	7.8
	8
	62.4
	62.4

	Spraying (including sprays)
	0.25
	41
	10.25
	10.25

	Total costs
	
	
	
	272.7

	Based on a stocking rate of 5.7 cows/ha, the cost attributed to grazing =
	£47.8/cow


Economic Appraisal of Main Systems Study

In undertaking the economic appraisal of the data from the main systems study, Year 2 data were excluded due to the incomplete nature of the lactation.  Furthermore, in view of the very different numbers of primiparous and multiparous animals within any year of the study, the data have been weighted for a given herd structure comprising 30% primiparous and 70% multiparous animals.  To achieve this, the mean performance data for primiparous and multiparous animals were calculated for each system for each of Years 1, 3 and 4, and mean values for the 3 year period determined for primiparous and multiparous animals.  These mean data were then weighted for a herd structure comprising 30% primiparous and 70% multiparous animals.  This decision assumed that replacement rate was not influenced by system, as discussed earlier in this section.  The mean DM intake and milk output data from the three years of the study, weighted for a herd with a 30% replacement rate, are presented in Tables 58 and 60 respectively, while dry cow intakes for the indoor period (mean of Years 1 and 3), weighted to take account of 30% of animals having no dry period (i.e. animals which were culled), are included in Table 59.
Table 58
Systems effects on DM intake (mean data from Years 1, 3 and 4, weighted for a herd containing 30% heifers and 70% cows) (kg DM)

	
	System

	
	F-F
	F-C
	C-F
	C-C

	Calving to start of transitional grazing (days)
	119
	118
	122
	116

	Concentrate
	616
	612
	1360
	1280

	Silage
	1405
	1406
	838
	794

	Total
	2021
	2018
	2198
	2073

	Transitional grazing to full turnout (days)
	43
	43
	43
	43

	Concentrate
	221
	222
	438
	448

	Silage
	338
	444
	211
	256

	Herbage
	304
	184
	304
	184

	Total
	863
	849
	954
	888

	Full turnout to re-housing (days)
	156
	152
	147
	154

	Concentrate
	96
	589
	93
	545

	Herbage
	2941
	2232
	2771
	2263

	Total
	3038
	2821
	2863
	2809

	Re-housing until drying off (days)
	18
	15
	7
	11

	Concentrate
	1
	1
	21
	33

	Silage
	247
	212
	65
	102

	Total 
	248
	214
	86
	135

	Full lactation  summary (days)
	337
	328
	320
	324

	Winter concentrate
	821
	817
	1802
	1743

	Grazing concentrate
	114
	607
	110
	563

	Total concentrate
	935
	1424
	1912
	2306

	Silage
	1990
	2062
	1114
	1152

	Herbage
	3246
	2416
	3075
	2447

	Total
	6170
	5902
	6102
	5905


Table 59
Systems effects on DM intake during the dry period (kg DM), from re-housing to calving (mean data for Years 1 and 3), adjusted to take account of 30% of animals not having a dry period (kg DM)

	
	System

	
	F-F
	F-C
	C-F
	C-C

	Re-housing to calving (days)
	40
	43
	33
	39

	Concentrate
	19
	17
	41
	51

	Silage
	315
	363
	173
	193

	Total
	334
	380
	214
	244


Table 60
Systems effects on milk output and milk composition (mean data from Year 1, 3 and 4, weighted for a herd containing 30% heifers and 70% cows)

	
	System

	
	F-F
	F-C
	C-F
	C-C

	Calving to start of transitional grazing (days)
	119
	118
	122
	116

	Total milk output (kg)
	3648
	3624
	3767
	3557

	Fat (g/kg)
	40.6
	40.8
	41.2
	40.6

	Protein (g/kg)
	31.0
	31.1
	33.1
	32.8

	Transitional grazing to full turnout (days)
	43
	43
	43
	43

	Total milk output (kg)
	1304
	1290
	1293
	1272

	Fat (g/kg)
	37.3
	38.3
	38.5
	40.4

	Protein (g/kg)
	33.1
	32.7
	34.8
	34.8

	Full turnout to re-housing (days)
	156
	152
	147
	154

	Total milk output (kg)
	3077
	3336
	2811
	3260

	Fat (g/kg)
	41.7
	39.8
	42.4
	42.1

	Protein (g/kg)
	35.7
	35.6
	35.9
	36.4

	Re-housing until drying off (days)
	18
	115
	7
	11

	Total milk output (kg)
	200
	163
	78
	120

	Full lactation  summary (days)
	337
	328
	320
	324

	Total milk output (kg)
	8230
	8412
	7950
	8209

	Fat (g/kg)
	40.7
	40.1
	41.3
	41.1

	Protein (g/kg)
	33.2
	33.3
	34.4
	34.7

	Lactose (g/kg)
	48.6
	48.4
	48.9
	48.8


Gross margin analysis

The gross margin analysis presented in Table 61 is based on the data in Tables 58 - 60, and the costs and assumptions detailed earlier in this section.  Both gross margin per cow and per litre were relatively unaffected by system, the former decreasing from £1024 with system F-F to £956 with system C-C, while the latter ranged from 12.4 (F-F) to 11.6 (C-C) pence per litre.  However system had a very major effect on gross margin per hectare, with this increasing from £2356/ha (F-F) to £3155/ha (C-C).

Table 61
Calculation of gross margins associated with each of the four systems
	
	F-F
	F-C
	C-F
	C-C

	Outputs
	
	
	
	

	Milk yield (kg)
	8230
	8412
	7950
	8208

	Butterfat (g/kg)
	40.7
	40.1
	41.3
	41.1

	Protein (g/kg)
	33.2
	33.3
	34.4
	34.7

	Price received (pence/kg)
	18.57
	18.50
	19.07
	19.13

	Milk sales (£)
	1528.6
	1556.1
	1515.7
	1569.9

	Calves (£)
	50
	50
	50
	50

	Less herd replacements (£)
	126
	126
	126
	126

	Value of output/cow (£)
	1453
	1480
	1440
	1494

	Variable costs
	
	
	
	

	Winter concentrates (kg)
	821
	817
	1802
	1743

	Grazing concentrates (kg)
	114
	607
	110
	563

	Dry cow concentrates (kg)
	19
	17
	41
	51

	Winter concentrates (£)
	165.1
	164.3
	275.5
	266.5

	Grazing concentrates (£)
	20.7
	108.8
	20.0
	101.0

	Dry cow concentrates (£)
	2.8
	2.5
	5.9
	7.4

	Total concentrate cost (£)
	188.6
	275.6
	301.4
	374.8

	Gross margin over concentrate (£)
	1264
	1204
	1138
	1119

	Silage DMI (kg)
	2305
	2425
	1287
	1345

	Silage cost (£)
	106.3
	111.8
	43.4
	45.3

	Grazing cost/cow (£)
	63.6
	47.8
	63.6
	47.8

	Sundries (£/cow)
	70
	70
	70
	70

	Total variable costs/cow (£)
	428.5
	505.2
	478.4
	537.9

	Stocking rates (cows/ha)
	2.3
	2.6
	2.9
	3.3

	Gross margin/cow (£)
	1024.2
	974.8
	961.4
	955.9

	Gross margin per 1000 litre (£)
	124
	116
	121
	116

	Gross margin/ha (£)
	2356
	2535
	2788
	3155


Sensitivity analysis

While the gross margins presented in Table 61 are based on the output values and variable costs presented earlier in this section, and reflect current economic conditions, they provide no indication of how gross margins will be affected by changes in output values and variable costs.  To address this issue, a number of sensitivity analyses have been undertaken to examine the effects of altering concentrate, fertiliser and milk prices, on gross margin per cow and gross margin/1000 litres of milk produced.  These sensitivity analyses are highlighted in Figures 10 and 11 for the two most extreme systems, F-F and C-C.  Irrespective of system, increasing either concentrate price or fertiliser price reduced gross margin/cow and gross margin/1000 litres.  However, when concentrate price was increased, the rate of decrease in gross margin was greatest with system C-C (Figures 11a and 12a), whereas when fertiliser price was increased the rate of decrease in gross margin was greatest with system F-F (Figure 11b and 12b).  While gross margin per cow and gross margin per litre increased when milk price was increased from 13 to 23 pence per litre (Figure 11c and 12c) this trend was identical for both system F-F and F-C, a reflection of the very similar milk outputs and gross margins per litre associated with these two systems.

Figure 11
Effect of changes in (a) concentrate (b) fertiliser and (c) milk price on gross margin per cow  with systems F-F ( - -(- - ) and C-C (  (  )
(a)


(c)
Figure 12
Effect of changes in (a) concentrate (b) fertiliser and (c) milk price on gross margin per 1000 litres with systems F-F ( - -(- - ) and C-C (  (  ) 

      (a)


Economic appraisal of Subsidiary Studies 1 - 3

Unlike the main systems study, subsidiary Studies 1 - 3 do not lend themselves to a full gross margin appraisal.  However the economics associated with changing concentrate feed level and composition can be examined by attributing costs to the feed inputs and milk outputs.  This has been undertaken using the production data presented in Tables 43 - 45 and the milk price/feed costs highlighted earlier in this section.  However, herbage intakes were not measured in Study 3, while the cost of herbage on a kg DM basis was not calculated earlier in this section.  Herbage intakes were thus assumed as 14.7 kg/cow/day with the low (3.6 kg/day) level of concentrate supplementation, which was the mean herbage intake measured across Years 1, 3 and 4 of the main systems study.  With the 7.2 kg/day level of concentrate supplementation, a substitution rate of 0.25 kg herbage/kg concentrate DM was assumed (Grainger and Mathews, 1989), to give a herbage DM intake of 13.9 kg/day.  An economic value for each kg of grass DM consumed was determined by dividing the herbage cost/cow associated with the tight grazing system (£47.8) by the mean number of days grazed over the summer in Years 1, 3 and 4, namely 151, to give a herbage cost/cow/day of £0.32.  This was then divided by the calculated herbage DM intakes to give herbage costs of £0.022 and £0.023/kg DM with the low and high concentrate treatments respectively.  The economic appraisals conducted on subsidiary studies 1 - 3 are presented in Tables 62, 63 and 64 respectively.

Table 62
Margin over feed costs in subsidiary Study 1
	
	Treatment

	
	H6
	H13
	M13

	Value of silage consumed (pence/day)
	61.3
	50.7
	20.9

	Value of concentrate consumed (pence/day)
	100.9
	177.6
	179.1

	Total feed costs (pence/day)
	162.2
	228.3
	200.0

	Milk price received (pence/litre)
	18.8
	18.9
	18.7

	Value of milk output (pence/day)
	559
	616
	593

	Margin over feed costs (pence/cow/day)
	397
	388
	393

	Margin over feed costs (pence/litre)
	13.3
	11.9
	12.4


Table 63
Margin over feed costs in subsidiary Study 2
	
	Treatment

	
	150(6)
	200(6)
	250(6)
	150(8)
	150(10)

	Value of silage consumed (pence/day)
	56.7
	56.7
	59.5
	53.0
	47.9

	Value of concentrate consumed (pence/day)
	92.6
	98.3
	104.0
	122.8
	153.1

	Total feed costs (pence/day)
	149.3
	155.0
	163.5
	175.8
	201.0

	Milk price received (pence/litre)
	18.9
	18.9
	19.2
	18.5
	18.4

	Value of milk output (pence/day)
	499
	521
	540
	523
	542

	Margin over feed costs (pence/cow/day)
	350
	366
	377
	348
	341

	Margin over feed costs (pence/litre)
	13.2
	13.3
	13.4
	12.3
	11.6


Table 64
Margin over feed costs in subsidiary Study 3
	
	Treatment

	
	3.6 kg
	
	7.2 kg

	
	110
	170
	230
	
	110
	170
	230

	Value of grass consumed (pence/day)
	32.3
	32.3
	32.3
	
	32.0
	32.0
	32.0

	Value of concentrate consumed (pence/day)
	52.1
	55.8
	59.8
	
	104.2
	111.6
	119.7

	Total feed costs (pence/day)
	84.4
	88.1
	92.2
	
	136.1
	143.6
	151.6

	Milk price received (pence/litre)
	19.2
	19.2
	19.3
	
	18.9
	18.6
	19.0

	Value of milk output (pence/day)
	378
	421
	401
	
	401
	443
	457

	Margin over feed costs (pence/cow/day)
	293
	333
	309
	
	265
	299
	305

	Margin over feed costs (pence/litre)
	14.9
	15.2
	14.9
	
	12.5
	12.6
	12.7


Margin over feed costs (per cow per day) in Study 1 were relatively unaffected by treatment, despite treatments H13 and M13 being associated with considerably higher milk yields than treatment H6.  However this is reflected in the fact that margin per litre was considerably higher with the latter treatment.

In subsidiary Study 2, margin over feed costs (per cow/day and per litre) increased as the crude protein concentration of the concentrate was increased from 150 - 250 g/kg.  This reflects the fact that the value of the extra milk produced with increasing protein levels more than covered the cost of the higher crude protein concentrates offered.  However both of these margins were considerably reduced when either 8.0 or 10.0 kg per day of a 150 g/kg crude protein concentrate was offered.

In subsidiary Study 3, both margin per cow and margin per ha were considerably reduced when the level of concentrate supplementation offered within a tight grazing system was increased from 3.6 to 7.2 kg per day.  This clearly highlights the fact that the value of the extra milk produced did not cover the costs of the extra concentrates required.  In addition, there would appear to be little or no economic benefit to be achieved from increasing the crude protein concentration of a grazing concentrate to above 170 g/kg, the level adopted within the main systems study.
SECTION IV

OVERALL DISCUSSION

Introduction

Grassland-based systems can be extremely diverse, with this being recognised in the current study in which four contrasting grassland-based milk production systems were examined.  The systems examined encompassed the following broad approaches to achieving increased nutrient intakes: during the winter, by improving the feed value of the silage offered or by increasing concentrate feed level; and during the summer, by increasing the allowance of high quality pasture without supplementation, or by tighter grazing regimes combined with concentrate supplementation.  Each of the components which comprised the various systems were based on the 'best practice' findings of component studies conducted at this and other Research Institutes.  However, from the outset it must be stressed that although all four systems were grassland based, none of the systems could be described as 'low input'.  Rather, all were high input/high output grassland based systems.

Winter-feeding periods

Yields of herbage and utilisable silage associated with silage production systems

Across the four years of the study, total DM yields harvested in the production of the high and medium feed value silages were 11.8 and 12.8 t DM/ha respectively, a difference of 8.5% in favour of the two harvest system.  The higher yield with the two harvest system occurred despite this system being associated with a lower input of inorganic fertiliser nitrogen, namely 223 kg N/ha, compared to 310 kg N/ha with the four harvest system.  Similarly, within the plot study (Subsidiary study 6) a 13% higher DM yield was recorded with the two harvest system compared to the four harvest system.  These two results clearly confirm the higher herbage DM yields associated with a two compared to a four harvest regime, and provide confidence in using the field scale yield data in undertaking the economic appraisal of the main systems study.  However, when these harvested yields were adjusted for in-silo losses and feed out losses as described in Section III, the actual yields of utilised silage were almost identical, namely 10.7 and 10.8 t DM/ha with the two and four harvest regimes respectively (Tables 54 and 55).  This can be largely attributed to the higher fermentation and effluent losses associated with the direct cut (2 harvest) silage system.

Actual yields of herbage DM harvested from the plots were considerably higher than those recorded from the field scale harvests within the main systems study.  While this can be attributed in part to the excellent grass growing conditions during the summer of 2001 when the plot study was conducted, herbage yields from plot studies are normally greater than those recorded from 'field scale' harvests for a number of reasons.  For example, plot studies tend to be associated with reduced field losses, reduced sward damage and reduced soil compaction due to the lack of machinery passage, while in addition, yield reductions associated with field boundaries do not arise.

Silages and concentrates offered during the winter

The production of the high feed value silages offered with systems F-F and F-C encompassed rapid wilting techniques and frequent harvesting intervals, with the aim of producing silages of high nutritive value and high intake potential.  This certainly appears to have been achieved, with the high feed value silage having a mean DM, crude protein and ME concentration, across the four years of the study of 303 g/kg, 169 g/kg DM and 12.1 MJ/kg DM.  However these mean values hide the somewhat variable nature of the high feed value silages produced, with DM and crude protein concentrations of individual harvests ranging from 221-413 g/kg and 131-191 g/kg DM respectively.  The former highlights the difficulty encountered in consistently attempting to wilt herbage to a DM concentration of 300 g/kg DM, especially under broken weather conditions, while the latter is likely to reflect differences in growth rates resulting in differing degrees of nitrogen uptake by the herbage.  With the harvesting regime adopted in the production of the medium feed value silages, it was accepted that silage quality would be compromised through delayed harvesting together with the short period of field wilting employed.  This was reflected in the composition of the resulting silages, with the mean DM, crude protein and ME concentrations across the 4 years of the study being 204 g/kg, 120 g/kg DM and 10.6 MJ/kg DM respectively.  These values indicate silages with considerably lower nutritive value and intake potential compared to the high feed value silages offered.

The higher cost of the high compared to the medium feed value silage, namely £46.1 and £33.7 per tonne of silage utilised, can be attributed to a number of factors.  For example, while per ha establishment costs were lower for the high feed value silage, a consequence of the longer sward life assumed, fertiliser costs and contractor charges were considerably higher.  The latter reflects the increased number of operations involved in taking four grass harvests rather than two.

The high and low protein winter concentrates were costed at £175 and £133/t fresh respectively.  The higher cost of the former reflects the higher inclusion levels of expensive protein ingredients, together with the fact that the low protein concentrate was offered in the form of a meal and as such, does not include a pelleting charge.

Animal performance during the winter periods

The high feed value silages produced were supplemented with relatively low levels (6.0 kg/day fresh weight) of a high protein concentrate (292 g kg DM) with the aim of promoting total DM intake (Gordon et al., 1981), and maximising the contribution of forage to the diet (Mayne, 1993).  The use of a medium feed value silage with systems C-F and C-C, rather than the high feed value silage offered with systems F-F and F-C, was based on the findings of Ferris et al. (2001), that at high levels of concentrate supplementation, the milk yield benefits achieved through offering a high rather than medium feed value silage were small.  This issue was re-examined in subsidiary Study 1.  Similarly, the use of complete diet feeding with systems C-F and C-C permitted high levels of concentrates to be offered, while in addition, performance benefits have been observed with complete diet feeding at high levels of concentrate supplementation (Gordon et al., 1995).  With systems F-F and F-C, complete diet feeding was not required to achieve the required concentrate intake, while in addition, previous work has indicated no benefits with complete diet feeding when concentrate feed levels were low (Agnew et al., 1996).

Across the four winter feeding periods mean concentrate and silage DM intakes were 5.2 and 11.4 kg/day respectively for the high forage winter systems (F-F and F-C), and 11.0 and 6.8 kg/day for the high concentrate winter systems (C-F and C-C), representing concentrate proportions, on a DM basis, of approximately 0.32 and 0.63 respectively.  However total DM intakes were 16.2 (F-F and F-C) and 18.2 (C-F and C-C) kg day.  This trend for total DM intake to be higher with the rations involving high levels of concentrate supplementation, compared to those involving high levels of a high feed value silage, is likely to reflect the physical limits to intake associated with the more bulky forage based rations.

Mean daily winter milk yields across the four years of the study were 29.2, 29.4, 29.6 and 30.5 kg/cow/day with systems F-F, F-C, C-F and C-C respectively, clearly indicating that system had no effect on the volume of winter milk produced.  Nevertheless, system did have an effect on milk composition, with mean milk protein contents across the four years of the study being 31.2, 31.0, 33.1 and 32.8 g/kg for systems F-F, F-C, C-F and C-C respectively.  This supports the findings of Gordon et al. (2000) in a study involving similar winter systems, and is discussed later in relation to energy utilisation.  That milk fat content was relatively unaffected by winter system is perhaps not surprising, with concentrate proportions being considerably lower, and ration NDF contents being considerably higher, than those at which milk fat contents begin to decline (Ferris et al., 2001).

Efficiency of energy utilisation (Years 1 and 2)

The nutrient utilisation studies undertaken on all rations offered during the winter period in Years 1 and 2 (Subsidiary study 7) allow an assessment of the efficiency of energy utilisation during these two years to be undertaken.  Mean determined ration metabolisable energy (ME) concentrations for the winter periods, weighted for the numbers of days for which each silage was offered, were 12.6 and 12.3 MJ kg DM for the high forage winter rations (F-F and F-C) in Years 1 and 2 respectively, and 12.2 and 11.8 MJ/kg DM for the high concentrate winter rations (C-F and C-C) in Years 1 and 2 respectively.  Using these figures, daily ME intakes (mean for Years 1 and 2) were calculated as 206 (system F-F and F-C) and 219 MJ per cow/day, a difference of approximately 13.0 MJ/day.

This 13.0 MJ difference in daily ME intakes was reflected in a 1.6 kg difference in daily milk yield, mean average milk yields across Years 1 and 2 of the study being 28.8 (systems F-F and F-C) and 30.4 kg/day (systems C-F and C-C).  That similar milk yields were achieved from very different combinations of silage quality and concentrate feed levels, supports the findings of Ferris et al. (2001), which suggest that a 1.2 kg difference in milk yield might have been anticipated.  On a milk energy output basis, milk energy concentration being determined using the equation of Tyrrell and Reid (1965), this difference in ME intake resulted in a 5.03 MJ/day greater milk energy output with systems C-F and C-C compared to systems F-F and F-C.  The corresponding milk energy response can be calculated as 0.39 MJ milk E/MJ ME intake, a somewhat lower figure than the response of 0.56 MJ milk E/MJ additional ME intake calculated by Gordon et al. (2000) for animals managed on similar winter regimes, but higher than the values of 0.25 and 0.27 MJ milk E/MJ ME intake reported by Friggens et al. (1995) and Agnew et al. (1998) respectively.

Tissue changes
System appeared to have relatively little effect on changes in body tissue reserves during any of the winter periods of the study, although there was considerable variation in the degree of tissue loss between individual years.  For example in Year 1, animals on all four systems had returned to their post calving condition scores before turnout, while in Year 3, animals on all systems were turned out to grass with a condition score approximately 0.4 below their condition score at calving.  The latter is likely to reflect the higher condition scores of the animals at calving in the third year of the study.  Data presented in Figure 4 highlight another key issue, namely that live weight changes do not necessarily provide an accurate indication of changes in body tissue reserves.  For example, across all systems animals achieved their minimum live weight within the first 3 - 5 weeks post calving, increasing in live weight thereafter.  However minimum condition scores tended to be reached at approximately week 10 of lactation.  This finding is in agreement with a number of other studies (Beever et al., 1998: Ferris et al., 2002) in which high genetic merit dairy cows were found to still be in negative energy balance long after animals had begun to gain live weight, and highlights that live weight can be a very poor practical indicator of tissue changes in lactating dairy cows.  This discrepancy between live weight and condition score loss is likely to be largely a consequence of changes in gut fill, with condition score changes likely to provide a better indicator of true energy balance.  

Blood metabolic profiles (Years 1 and 2)
The decreasing plasma concentrations of BHB and NEFA (both considered indicators of adipose tissue breakdown) during the first 14 weeks post calving suggest decreasing levels of tissue mobilisation during this period (Subsidiary study 8), while the increasing plasma glucose concentrations confirm the energy status of the animals to be improving.  In addition, NEFA concentrations remained below 0.7 m equiv/l, the maximum value suggested as normal by Whitaker (1997), throughout the 14 week post-calving period.  Similarly, only during the first few weeks post calving were BHB concentrations greater than 1.0 m mol/l, the maximum limit suggested by Whitaker et al. (1983).  Thus these blood metabolites suggest that none of the systems were subject to extreme negative energy balance.  In addition, that glucose, NEFA and BHB concentrations were relatively unaffected by system throughout the 14 week period post calving suggests that the duration and degree of negative energy balance associated with each of the four systems was similar.  This confirms the body tissue reserves data which indicate that all indices of body tissue reserves recorded at the end of each of the Year 1 and Year 2 winter periods were similar across all systems. 

Effects of altering level and composition of winter concentrates

Subsidiary studies 1 and 2 permit the effects of modifying the level and composition of concentrate supplements offered during the winter period within the main systems study to be examined.  The results of subsidiary study 1 validate the choice of winter feeding regimes adopted in the main systems study, namely supplementing the medium feed value silages with high levels of concentrates, and the high feed value silages with low levels of concentrates.  For example, the milk yield benefit achieved from offering 12.0 kg concentrate DM in combination with a high, rather than a medium feed value silage, was only 0.9 kg/day, with this relatively low response occurring despite a very substantial lift in total DM intake.  While the short term nature of the study does not permit an examination of the effects of system on tissue changes, animals offered the high feed value grass silage plus high levels of concentrate supplements are likely to have experienced considerably higher levels of tissue deposition compared to those offered the medium feed value grass silage.  It is also possible that this system may have been associated with a reduced efficiency of nutrient utilisation, a consequence of higher intakes resulting in higher rates of passage from the rumen.  However, there was no evidence of compromised rumen function, in terms of reduced milk fat levels at the high level of concentrate supplementation, with the high compared to the medium feed value silage.  Nevertheless, milk fat concentrations with both of the high concentrate treatments were considerably lower than those achieved when the high feed value grass silage was supplemented with 6.0 kg concentrate per cow/day.  The economic data for this study (Table 62) indicate that although margin over feed costs was relatively unaffected by treatment, the margin per litre was considerably reduced when the high rather than the medium feed value silage was supplemented with the high level of concentrates.  These findings are in agreement with the outcomes of a previous study (Ferris et al., 2001) which was the basis for the choice of experimental system in the main systems study.

Subsidiary study 2 was undertaken to examine, firstly if the high protein concentrate offered with the high feed value silage was really necessary, and secondly, if a more economic response could have been achieved through offering higher levels of a low protein concentrate.  The importance of this study lies in the concentrate prices presented in Section III, with these being £155, £164 and £174/t fresh for the concentrates containing 150, 200 and 250 g crude protein/kg fresh respectively.  The production data confirm that animals continued to exhibit a milk yield response right up to a crude protein concentration of 250 g/kg, while milk composition was unaffected by concentrate protein level.  However the economic appraisal in Table 63 indicates only a small increase in margin over feed costs and margin per litre with increasing concentrate protein levels. Thus while the data suggest that concentrate protein levels with systems F-F and F-C could have been reduced without any significant reduction in economic performance, these low protein diets would clearly fail to meet the animals theoretical protein requirements.  Without any information on the long term effects of reducing concentrate crude protein level, caution is clearly required.

In addition, animals continued to respond to higher levels of a low crude protein concentrate (150 g CP/kg) up until a feed level of 10.0 kg/day.  While this highlights the concentrate sparing effect associated with increasing concentrate crude protein concentrations (Figure 5), the economics of offering higher levels of a low protein concentrate are disappointing (Table 64), with both margin over feed costs on a per cow and per litre basis being reduced.  This occurred despite a reduction in silage DM intake with increasing concentrate level, and can be attributed to the higher total concentrate costs together with lower value of the milk produced, the latter a consequence of lower fat content of the milk.

Use of Calan gates as a means of measuring intakes during the winter period

While the use of the Calan gate feeding system allowed feed intakes across the winter periods to be measured accurately, there was concern that the use of the gate system could have a negative effect on DM intake, and that the intakes measured would not be the same as achieved under practical farm conditions.  However findings from subsidiary Study 4 clearly indicate that the use of the Calan gate feeding system had no negative effect on dairy cow intakes compared to intakes of animals offered feed via a conventional easy-feed system.  Nevertheless, feeding behaviour associated with each of the two systems differed.  With more animals being able to feed from the easy-feed system at any one time, hourly intakes tended to be much higher with this system during the hours post feeding, and during the hour post evening milking, than with the Calan gate system.  However, hourly intakes with the Calan gate system tended to be higher thereafter, the net result being a similar total intake with each of the two systems across a 24 hour feeding period.  The three Calan gates had 100% occupancy until approximately 19.00 hours, with the number of animals queuing to feed from the Calan gates during this time being greater than for the easy-feed system.  Thereafter, the occupancy rate of the Calan gates declined.  The data suggest that animals fed via the Calan gate system were able to modify their feeding behaviour, thus overcoming the restricted access to feed encountered during the hours immediately post feeding.  Although milk yields were not examined in this study, the fact that intakes were unaffected by feeding system suggests that milk output is also unlikely to have been affected.  This provides a high degree of confidence when transferring the intake data obtained from the Calan gate system to a practical farm situation.

Transitional grazing period

Giving dairy cows access to pasture for short periods in late autumn or early spring, has been advocated as a means of achieving increased nutrient intakes from grazed grass (Mayne and Peyraud, 1996).  In summary, the results from a number of studies (Dillon and Crosse, 1994; Mayne and Laidlaw, 1995; Sayers and Mayne, 2001) have shown that early or late season grazing will reduce silage intake by 3.0 - 4.0 kg DM/day, while improving milk yield and milk protein content.  Although the nature of the experimental design in the current study does not permit a concise evaluation of the effects of early spring turnout, a number of comments can be made.  Firstly, animals which were given access to early spring grass tended to have lower intakes of silage during this transition period than those with a later turnout date, with this being equivalent to a mean reduction (across Years 1, 3 and 4 of the study) of 3.0 and 1.8 kg silage DM cow per day for animals on systems F-F and C-F respectively.  While these figures are somewhat lower than those recorded previously, they encompass the full transitional grazing period, during the latter part of which the late turnout group also had access to grass.  However, the estimated herbage intake with animals given access to early spring grazing was greater than the measured reduction in silage DM intake, thus total DM intake was increased.  In contrast to the findings of previous studies (Dillon and Crosse, 1994; Mayne and Laidlaw, 1995; and Sayers and Mayne, 2001), there was no indication that milk output was increased in animals given access to early spring grazing, although in Year 2, milk protein contents increased when animals on system F-F were given access to pasture.  It is suggested that a key factor influencing the extent of the animal performance response with early spring grazing is the plane of nutrition of the control animals, with the control groups of animals involved in previous studies in the literature receiving much lower levels of total nutrient intakes than in the present study.  Consequently, it is likely that the use of early spring grazing in systems involving high nutrient intakes indoors must be justified by reductions in silage intake, or ease of management, rather than by increases in animal performance.  In addition, the weather dependent nature of early spring grazing is highlighted in that the dates of commencement of early spring grazing ranged from 25 February (Year 1) to 11 April (Year 2), a difference of 45 days.  Consequently, sufficient silage must always be available to facilitate years in which early turnout is not feasible.

Main grazing period

The grazing regimes adopted during the main grazing periods in Years 1, 3 and 4 embodied two contrasting principles of increasing nutrient intakes.  With systems F-F and C-F, the high allowance of high quality herbage (22.0 - 23.0 kg DM per cow/day) was designed to allow near maximum intakes of herbage (Stakelum, 1996), and consequently allow the animals every opportunity to exhibit their performance potential from an all herbage diet.  In contrast, the conventional paddock grazing system adopted with systems F-C and C-C encompassed a tighter grazing regime and a lower herbage allowance, with supplementary concentrates being incorporated into this system.  While previous research has clearly demonstrated that offering supplementary concentrates reduces herbage intake (Leaver, 1985), substitution rates tend to be reduced with lower pasture allowances (Grainger and Mathews, 1989).

Grazing concentrates and grazed grass

The grazing concentrate offered during the study was costed at £158/t.  Grazing costs attributed to the lax and tight grazing systems were £63.56 (Table 56) and £47.8 (Table 57) per cow/year respectively. By costing the grazed grass on a per cow/year basis, rather than on a per kg DM basis, avoided the need to include data relating to grass yields, grass intakes, and grass utilisation rates in the calculations.  Rather, the methodology costed the actual inputs to the grazing area (fertiliser, grass topping and fertiliser application costs).

Animal performance

Herbage intakes recorded with systems F-F and C-F (17.8, 19.3 and 20.3 kg DM/day in Years 1, 3 and 4 respectively), were similar to those recorded previously for animals offered high herbage allowance, namely 19.0 and 19.2 kg DM/day (Kolver and Muller, 1998; Gordon et al., 2000).  The variable nature of the herbage intakes measured is likely to reflect the differences in the numbers of first and multiparous animals between different years, season effects, and the difficulties involved in measuring herbage intakes accurately using pre and post grazing clips.  Herbage intakes in the current study represent mean efficiencies of utilisation of herbage (above 4 cm) of proportionally 0.85 (F-F and C-F) and 0.88 (F-C and C-C).  The lack of difference in efficiency between the two systems is surprising.  However, this may reflect the regular removal of ungrazed herbage through topping with systems F-F and C-F, with a consequent apparent increase in utilization (the material lost through topping being excluded from the efficiency calculation), together with a build up of inedible material within the sward with systems F-C and C-C, with a consequential decrease in utilisation.  Mean herbage intakes were 19.1 and 14.7 kg DM/cow/day with the lax and tight grazing regimes respectively.  However grazing system had little effect on total daily DM intake across the season, daily intakes with the high forage and high concentrate grazing systems averaging 19.7 and 18.1 kg DM/cow respectively.

The trend towards higher milk outputs with the high concentrate summer regimes (F-C and C-C) compared to the high forage summer regimes (F-F and C-F)  (18.9 and 21.0 kg/day respectively across the three grazing seasons) is in line with the findings of Gordon et al. (2000) in a study comparing grazing regimes which encompassed a number of components similar to those adopted in the current study.  Whilst it is recognised that additional nutrients fed at one stage during a lactation may result in additional milk being produced later in the lactation (Broster, 1972), animals on the high concentrate grazing systems (F-C and C-C) were managed on either the high forage or high concentrate winter regimes respectively, indicating that the extra milk was produced as a direct effect of the grazing management system, rather than as a carry over effect of the winter regimes imposed.  This trend was consistent throughout the study indicating that even despite very high allowances of high quality pasture with systems F-F and C-F, it was difficult to maintain consistently high milk yields with this system relative to a system involving reduced grass allowances plus concentrates to yield.
Effects of altering level and composition of grazing concentrate 

The results of subsidiary Study 3 highlights that an additional milk yield response could have been achieved by increasing the level of concentrate supplement offered to grazing cows on systems F-C and C-C, with this response being equal to 0.62 kg milk/kg concentrate DM across all treatments.  However the economic appraisal (Table 64) of this milk yield response indicates that this not a viable economic proposition, with both margin over feed costs per cow and per litre being decreasing with this higher concentrate feed level.  In addition, while animals exhibited a milk yield response when concentrate crude protein content increased from 110 to 170 g/kg, there was no further milk yield response when concentrate crude protein content was increased to 230 g/kg.  Part of the explanation for the latter lies in the blood urea data which suggests an oversupply of dietary nitrogen with increasing concentrate crude protein content.  Again the economic appraisal confirms the medium protein concentrate offered within the main systems study to have been the most profitable option.

Total lactation effects

While systems studies permit some examination of the responses to individual components within a system, a key benefit of this type of research lies in the fact that it allows the effects of the whole system to be examined over a full lactation, or over successive lactations.  This section of the discussion will focus on Years 1, 3 and 4, for which full lactation data are available.

Animal performance

One of the key findings of this study is that in each of Years 1, 3 and 4, total lactation milk output was unaffected by system, with mean lactation yields across the three years of the study being 7961, 8099, 7651 and 7993 kg for systems F-F, F-C, C-F and C-C respectively.  This result clearly indicates that it is possible to achieve very similar levels of performance from very different combinations of feed inputs within grassland based systems.  For example, across the three years of the study, concentrates comprised proportionally 0.15, 0.24, 0.32 and 0.39 of total DM consumed with systems F-F, F-C, C-F and C-C respectively, silage 0.32, 0.35, 0.18 and 0.20 respectively, and herbage 0.53, 0.41, 0.50 and 0.41 respectively.  However, lactation milk protein concentrations with systems F-F and F-C were lower than for systems C-F and C-C during Years 3 and 4, although unaffected by system in Year 1.  These small differences in performance between systems across the two years of the study highlight the need to conduct grassland-based systems research over a number of years so as to take account of the effects of annual variations in climatic conditions on silage quality and grazing conditions.

With system F-F, the 7961 kg lactation milk yield was achieved from a concentrate intake of approximately 1.0 t (fresh basis), the remaining 84% of the diet being comprised of forage, either grass silage or grazed grass.  This yield, which was very similar to the 305-day yield reported by Gordon et al. (2000) for multiparous animals at a similar concentrate input (7854 kg), was still impressive, and compares favourably with a lactation yield of 5800 kg reported almost 20 years ago (Gordon, 1984) in a study involving a similar concentrate input.  Whilst genetic improvement undoubtedly accounts for part of this increased milk output, the high feed value silage and the high allowance of high quality herbage offered in the current study certainly played a role.  The performance of animals on system F-F confirms the potential of high quality grass-based diets to sustain high milk outputs from high genetic merit winter calving cows.  At the other extreme, the lactation milk output with system C-C was almost identical at 7993 kg, with this being achieved from a concentrate input of approximately 2.5 t (fresh basis), forage comprising proportionally only 0.61 of total ration DM.

Milk from forage from each of the four systems, across the 3 years of the study, can be calculated assuming a milk yield response of 1.0 kg milk per 0.45 kg concentrate.  The milk from forage figures (for a herd comprising 30% primiparous and 70% multiparous cows) for systems F-F, F-C, C-F and C-C were 5841, 4774, 3068 and 2318 kg respectively. The figure of 5841 kg of milk from forage (system F-F) clearly highlights the potential of systems based on very high quality grass silage, combined with high allowances of high quality pasture, to sustain very high level of milk production.

Long term effects

Although a key aim of this study was to examine the effects of managing animals on four very different systems over a three year period, this was not possible due to a disease outbreak.  Nevertheless, the first group of animals did remain on their experimental systems for 1.5 lactations, while the second group of animals remained on their experimental systems for two full lactations.  That total milk output in each of Years 2 and 4 was unaffected by system suggests that there was no carry over effect of management system in one lactation on animal performance in the subsequent lactation.  Similarly, the condition score data recorded on completion of Years 2 and 4 provides no indication that animals on any system were in particularly poor condition.

The body composition data obtained from the animals slaughtered during Year 2 provides a much more accurate assessment of the effects of system on body tissue reserves (Subsidiary study 5).  The importance of these data lies in the fact that all animals for which measurements were taken had been managed on the experimental systems for a full lactation and for a mean of 155 days into their second lactation on the experimental regimes.  The lack of a system effect on any of the components measured suggests that over this 1.5 year feeding period, management system had no cumulative effect on body tissue reserves.  This supports the observation that on completion of the study on 8 April, neither condition score nor backfat thickness differed between systems.  The data from this study suggest that animals managed on low concentrate input-high milk output systems of milk production do not necessarily suffer a long term depletion of body tissue reserves compared to those managed on much higher concentrate input systems.  In addition, the data highlight the very different body tissue reserves associated with high genetic merit dairy cows today, compared to animals of lower genetic merit.  For example, slaughter data from lower genetic merit animals (Gibbs et al., 1992) indicated that these had considerably more body tissue reserves, as reflected in a higher gross energy and lipid content of the tissues examined, than the high merit animals in the current study.  For example, the mean weight of lipid in the empty body and in the gastrointestinal tract of the animals examined by Gibbs et al. (1992) was 55.7 and 19.0 kg respectively, while the values for the animals in the current study were 25.4 and 5.6 kg respectively.  Although the different stage of lactation of the animals involved in the two studies certainly contributed to these observed differences in fat reserves, this finding highlights the fact that high merit animals will mobilise a much greater proportion of their body tissue reserves in their drive to sustain milk output. The latter highlights the need to develop feeding systems which result in higher total nutrient intakes, the key principal underlying the four systems examined in the current study.

Health and fertility

While the relatively small number of animals involved in the study necessitates caution in the interpretation of the fertility data, nevertheless there are indications that management system did not have a major effect on fertility (Table 40).  Similarly, there was no indication that animal health was affected by system (Table 39).  These two factors appear to confirm the sustainable nature of each of the systems examined, in terms of the fertility and health status of the animals.

Fertility levels observed across the systems are similar to mean levels of fertility recorded recently in a large scale on-farm study in Northern Ireland.  For example, mean efficiency of heat detection, calving interval and percentage of cows culled due to infertility were 64%, 389 days and 8.2% in the current study, compared to mean value on farm of 71%, 403 days and 7.2% respectively (Mayne et al., 2002).  In addition, the mean incidence of abnormal ovarian cycles within the study was similar to that reported by Lamming and Royal (2001). 

Stocking rates

The very different contributions of grass silage, grazed grass and concentrate feed stuffs to each of the four systems have major implications for the land requirements associated with each system.  Stocking rates have been calculated for each of the four systems in each of Years 1, 3 and 4, and a mean stocking rate for the three years determined (Table 65).  Stocking rates during the winter period of each year of the study were determined using actual silage intakes (lactating plus dry cows), actual yields of herbage harvested during silage making, assumed in-silo losses of 6.0 and 13.4% with the four- and two-harvest systems respectively (Mayne and Gordon, 1986), and an assumed feed out loss of 3.0% with both silage types.  With regard to dry cow silage intakes, actual intakes were used for Years 1 and 3, while the mean intake for Years 1 and 3 was used in Year 4.  Within each year of the study, grazing stocking rates were calculated for each grazing cycle by dividing the area grazed by the number of cows grazing.  The mean stocking rate over all grazing cycles was subsequently determined.  No account was taken of land from silage aftermath grazed by dry cows as accurate data were not available.  However, as dry cows from all systems were grazed together on a common area at this time, excluding this has no effect on the relative stocking rates within a particular system.  Mean overall stocking rates, across the three years of the study were 2.3, 2.6, 2.9 and 3.3 cows/ha for systems F-F, F-C, C-F and C-C respectively.  These calculated stocking rates clearly indicate the very different land requirements associated with each of the four systems.  For example, system F-F was associated with a 44.0% higher land requirement than system C-C, or alternatively, 44.0% more animals could be kept on a fixed area of land by a farmer operating system C-C, compared to a farmer operating system F-F.  In addition, proximity of land to the farm, together with suitability of land for harvesting silage, are additional factors which may influence the choice of system.

Table 65
Stocking rates in each of Years 1, 3 and 4 (cows/ha)

	
	
	System

	
	
	F-F
	F-C
	C-F
	C-C

	Year 1
	Winter SR
	5.2
	5.0
	7.6
	7.1

	
	Grazing SR
	3.9
	5.0
	3.9
	5.0

	
	Overall SR
	2.2
	2.5
	2.6
	2.9

	
	
	
	
	
	

	Year 3
	Winter SR
	5.7
	5.6
	11.1
	10.3

	
	Grazing SR
	4.2
	5.9
	4.2
	5.9

	
	Overall SR
	2.4
	2.9
	3.0
	3.8

	
	
	
	
	
	

	Year 4
	Winter SR
	3.9
	3.7
	7.5
	7.1

	
	Grazing SR
	5.2
	6.3
	5.2
	6.3

	
	Overall SR
	2.2
	2.3
	3.1
	3.3

	
	
	
	
	
	

	Mean of Year 1, 3, 4
	Overall SR
	2.3
	2.6
	2.9
	3.3


Management and labour inputs

While labour inputs constitute a major cost on dairy farms, the availability of skilled labour continues to decline.  In addition, the level of technical and management skills possessed by dairy farmers is extremely variable.  These two factors are particularly important in view of the very different management and labour inputs that might be associated with each of the four systems.  For example, the high feed value silage offered during the winter period with systems F-F and F-C was produced within a four-harvest system, thus necessitating four silage making operations each season.  In addition, the reduced yield associated with the four harvest regime, together with the high silage intakes associated with these systems, necessitates harvesting herbage from a very large area.  Similarly, the need to achieve a DM concentration of approximately 300 g/kg within a 24 - 36 hour period of rapid wilting makes the process entirely weather dependent, thus increasing management pressures.  However, the relatively low daily concentrate allowance with this system would permit the concentrates to be offered via either a simple in-parlour or out-of-parlour feeding system.  The medium feed value silages offered with systems C-F and C-C were produced within a simple two-harvest system, with the production of this silage being relatively non-weather dependent.  In addition, the quantities of silage required with systems C-F and C-C were relatively small, thus reducing labour requirements involved in the silage making process.  However, an in-parlour feeding system would have been unsuitable for supplying the high levels of concentrates associated with this system, a diet feeder or an out-of-parlour feeding system being necessary, with the former involving considerable labour inputs.

The adoption of extended grazing early in the season, together with a flexible grazing system designed to achieve a fixed allowance of high quality herbage throughout the remainder of the season (systems F-F and C-F), necessitates daily management decisions and a high degree of pasture management skill.  In addition, regular grass topping and the daily moving of fence lines can have a significant impact on labour requirements.  Excluding extended grazing from the system simplified the transition between the winter housing and summer grazing periods (systems F-C and C-C).  In addition, the simple paddock grazing system employed during the summer involved a relatively low level of management and labour input.

Environmental implications

The environmental implications associated with each of the four systems are many and complex, and this section only begins to untangle some of the issues involved.

With discussions currently underway concerning the expansion of nitrate vulnerable zones (NVZ) throughout the UK, nitrogen is certainly a key environmental concern.  When examined on a per hectare basis, inorganic nitrogen fertiliser inputs associated with the two harvest silage system were considerably lower than those associated with the four harvest system (223 vs 310 kg N/ha), although nitrogen fertiliser inputs associated with the two grazing systems were not very different (lax grazing, 387 kg N/ha; tight grazing, 422 kg N/ha).  However the land area required for system F-F (high feed value silage/lax grazing) was much greater than required for system C-C (medium feed value silage/tight grazing).  Consequently, the total quantity of inorganic nitrogen purchased onto a farm would be considerably greater with the former system compared to the latter, with nitrogen inputs associated with systems F-C and C-F being intermediate.  In addition, the use of early turnout (F-F and C-F) requires earlier than normal nitrogen applications, and this may be associated with an increased likelihood of nitrogen loss.  Nevertheless, in no year of the study was fertiliser nitrogen applied before 1 February, the earliest application date permissible within Nitrate Vulnerable Zones.

However, the purchase of inorganic nitrogen onto a farm is only part of the story, with 'high concentrate' systems being associated with the purchase of organic nitrogen in the form of concentrate feed stuffs.  In addition, high concentrate systems are, by default, associated with reduced land areas, thus causing a problem in disposing of large quantities of organic manure.  For example, system C-C involves a stocking rate approximately 44% higher than system F-F.  However, total quantities of manure produced from each of the two systems are likely to be quite similar.

To examine this subject further, total organic nitrogen outputs associated with each of the four systems have been calculated, and are presented in Table 66.  These calculations relate to a 100 cow dairy herd, with an assumed replacement rate of 30%.  Thus in addition to 100 dairy cows, organic nitrogen outputs for 30 young stock and 30 yearlings are included in the calculations.  Stocking rates for young stock and yearlings have been assumed at 0.19 and 0.34 animals/ha (based on Northern Ireland Farm Business Data Handbook, 2001), while the actual stocking rates recorded in the main systems study (mean for Years 1, 3 and 4) have been used for the dairy cows.  Organic nitrogen outputs were taken as 19, 47 and 106 (600 kg cow) kg N for young stock, yearlings and dairy cows respectively (MAFF, 2001).  Based on these values, organic nitrogen outputs were calculated as 212, 231, 250 and 272 kg organic N/ha with systems F-F, F-C, C-F and C-C respectively.  Thus the acceptability of any of these systems within a NVZ would depend on the maximum nitrogen loading permitted for that zone.  Clearly none of the systems would comply with the most strict nitrogen loading legislation, namely 170 or 210 kg/ha, while each of systems F-F, F-C and C-F would be acceptable within an area with a maximum nitrogen loading limit of 250 kg/ha.  The data suggests that even at this relatively lax limit (250 kg N/ha), system C-C still failed to meet the minimum requirements.

Table 66
Calculation of organic N outputs from four systems 

	
	
	Youngstock
	Yearlings
	Cows
	Total

	
	Number
	30
	30
	100
	

	
	
	
	
	
	

	System F-F
	SR (animals/ha)
	
	
	2.3
	

	
	SR (ha/animal)
	0.19
	0.34
	0.43
	

	
	Land required (ha)
	5.7
	10.2
	43.5
	59.4

	
	Organic N/head/yr (kg)
	19
	47
	106
	

	
	Organic N output (kg)
	570
	1410
	10600
	12580

	
	Total organic N output/ha (kg)
	
	
	
	212

	
	
	
	
	
	

	System F-C
	SR (animals/ha)
	
	
	2.6
	

	
	SR (ha/animal)
	0.19
	0.34
	0.38
	

	
	Land required (ha)
	5.7
	10.2
	38.5
	54.4

	
	Organic N/head/yr (kg)
	19
	47
	106
	

	
	Organic N output (kg)
	570
	1410
	10600
	12580

	
	Total organic N output/ha (kg)
	
	
	
	231

	
	
	
	
	
	

	System C-F
	SR (animals/ha)
	
	
	2.9
	

	
	SR (ha/animal)
	0.19
	0.34
	0.34
	

	
	Land required (ha)
	5.7
	10.2
	34.5
	59.4

	
	Organic N/head/yr (kg)
	19
	47
	106
	

	
	Organic N output (kg)
	570
	1410
	10600
	12580

	
	Total organic N output/ha (kg)
	
	
	
	250

	
	
	
	
	
	

	System C-C
	SR (animals/ha)
	
	
	3.3
	

	
	SR (ha/animal)
	0.19
	0.34
	0.30
	

	
	Land required (ha)
	5.7
	10.2
	30.3
	46.2

	
	Organic N/head/yr (kg)
	19
	47
	106
	

	
	Organic N output (kg)
	570
	1410
	10600
	12580

	
	Total organic N output/ha (kg)
	
	
	
	272


In addition, the purchase of concentrate feeds will also result in the importation of considerable quantities of phosphorus onto a farm, both in the form of organic phosphorus, and in the form of added phosphorus from 'high phosphorus' mineral/vitamin supplements.  In hindsight, in view of recent research from both the Netherlands (Valk et al., 1999) and North America (Wu et al., 2000), it seems likely that concentrate feed stuffs containing much lower concentrations of added phosphorus could have been offered without detrimental effects on animal performance.  These purchased feed stuffs were the only source of phosphorus imported into the systems during the study.  As a consequence of the high soil phosphorus status on the Institute farm, a 'zero P' fertiliser regime was adopted with both silage and grazing swards throughout the study.

Methane outputs associated with the different systems are also likely to be different.  For example, it is well established that systems involving higher concentrate inputs are associated with much reduced methane outputs compared to those based primarily on forage components (Yan et al., 2000).  However pressure to modify diets to reduce methane emissions would appear to still be some way off.

Gross margin analysis and sensitivity analysis

One of the key economic findings of this study is that both gross margin per cow and gross margin per 1000 litres were relatively unaffected by system.  For example, moving from systems F-F to system C-C, gross margin per cow decreased from £1024 to £956, and gross margin per 1000 litres decreased from £124 to £116.  An examination of the data in Table 61 provides some indication of the origin of this small decrease in margin.  For example, difference in the value of milk outputs/cow, and differences in forage costs between systems, are relatively small in comparison to the increase in concentrate costs incurred when moving from system F-F through to system C-C.  The small decrease in gross margin from system F-F through to system C-C can be largely attributed to the latter. 

In contrast, system had a very major effect on gross margin per ha, with this margin increasing from £2356/ha (F-F) to £3155/ha (C-C).  This trend is simply a reflection of the decreasing land requirements associated with each of the systems when moving from system F-F to C-C, as reflected in the stocking rate data.

When viewed from a very simplistic gross margin point of view, it could be argued that the system most suitable for a particular farm is the system which maximises the profit associated with the most limiting resource on the farm.  For example, gross margin per litre should be maximised when quota is limiting, gross margin per ha maximised when land is limiting, and gross margin per cow when the number of animals which can be kept is limiting.  While the basic principles underlying this argument may be true, the picture is of course much more complex.  For example, simple gross margin data take no account of the opportunity cost associated with land, the depreciation of buildings and grazing infrastructure, nor other fixed costs.  In addition, differences in management inputs together with the different environmental impact of each of the four systems are not taken account of in simple gross margin budgets.  The complexity of taking account of the conflicting demands and constraints associated with each of the systems is apparent, with a whole farm modelling approach providing the most likely framework by which to integrate these very diverse threads.

As expected, irrespective of system, increasing either concentrate or fertiliser costs reduced gross margin/cow (Figures 11 and 12).  However, when concentrate price was increased, the rate of decrease in gross margin was greatest with system C-C, while when fertiliser price was increased, the rate of decrease in gross margin was greatest with system F-F.  This simply reflects the fact that fertiliser cost and concentrate cost make significant contributions to total variable costs within systems F-F and C-C respectively.  Although gross margin decreased with decreasing milk price (from 23 to 13 pence per litre), system had virtually no effect on gross margin per cow or per litre, with these two margins decreasing equally with systems F-F and C-C.  This reflects the very similar milk outputs and gross margin per litre and per cow associated with these two systems.  While this finding would appear to contradict the popular opinion that grassland based systems are most profitable in low milk price situations, it must be remembered that system F-F was not a low input grassland based system, but rather a high nutrient input - high milk output system.

SECTION V

CONCLUSIONS

1 Mean fertiliser nitrogen inputs associated with the production of the high and medium feed value silages were 311 and 223 kg/ha respectively.

2 Mean herbage DM yields associated with the two and four harvest silage systems were 12.8 and 11.8 t DM/ha respectively, representing an 8.5% higher DM yield with the two harvest system.  Similarly, plot study measurements indicated a 13% higher DM yield with a two compared to a four harvest system.

3 The costs per tonne of utilised silage dry matter were calculated as £46.1 and £33.7 for the high and medium feed value silages respectively.

4 Mean dry matter and crude protein concentrations of the silages produced within the two and four harvest regimes were 204 and 303 g/kg, and 120 and 165 g/kg DM respectively.  Similarly, the high and medium feed value silages had mean metabolisable energy concentrations of 12.1 and 10.5 MJ/kg DM respectively.

5 Concentrates offered during the winter period had a mean crude protein concentration of 213 (systems C-F and C-C) and 293 (systems F-F and F-C) g/kg DM respectively, while the grazing concentrate had a mean crude protein concentration of 196 g/kg DM.

6 Fertiliser nitrogen inputs associated with the lax and tight grazing systems were 387 and 422 kg N/ha respectively.  Grazing costs associated with these two systems were calculated as £63.6 and £47.8 per cow over the main grazing period.

7 Mean total dry matter intakes with the high forage and high concentrate winter systems were 16.2 (F-F and F-C) and 18.2 (C-F and C-C) kg/day, a reflection of the physical limits to intake associated with the more bulky forage-based rations.

8 The results from subsidiary Study 4 confirm that the Calan gate feeding system did not impair intakes compared to a traditional easy feed system.

9 The mean reduction in silage DM intake associated with early spring turnout was 2.4 kg DM/cow/day.  However total DM intake was increased by the use of early spring turnout.

10 Mean herbage intakes during the pasture grazing periods were 19.1 and 14.7 kg DM/cow/day with the lax and tight grazing regimes respectively.  Mean concentrate intakes with the latter were 3.5 kg DM/cow/day.

11 Total DM intakes (Years 1, 3 and 4) across the entire lactation (weighted for a herd containing 30% heifers and 70% cows) were 6170, 5902, 6102 and 5905 kg/cow for systems F-F, F-C, C-F and C-C respectively.  Of these total intakes, concentrates comprised proportionally 0.15, 0.24, 0.32 and 0.39 of total DM consumed with systems F-F, F-C, C-F and C-C respectively, silage 0.32, 0.35, 0.18 and 0.20 respectively and grazed herbage 0.53, 0.41, 0.50 and 0.41 respectively.

12 Mean daily milk yields across the four winter periods of the study were unaffected by system, being 29.2, 29.4, 29.6 and 30.5 kg/cow/day with systems F-F, F-C, C-F and C-C respectively.  Milk fat concentrations during the winter periods were unaffected by system in any year of the study, while in three out of four years of the study, milk protein concentrations were higher with animals managed on the high concentrate winter regimes, compared to those managed on the high forage winter regimes.  This is likely to reflect the increased energy status of animals on the former.

13 While there were no milk yield benefits associated with early season grazing in any year of the study, there were trends in a number of years for increased milk protein concentrations with the early turnout groups.

14 During each of the grazing periods there was a trend for animals managed on the tight grazing regimes (F-C and C-C) to have higher milk outputs than those managed on the lax grazing regimes (F-F and C-F).  This occurred despite the high forage grazing regimes being associated with high allowances of high quality herbage.

15 Total milk outputs (Years 1, 3 and 4) across the entire lactation (weighted for a herd containing 30% heifers and 70% cows) were 8230, 8412, 7950 and 8209 kg/cow for systems F-F, F-C, C-F and C-C respectively.  While lactation milk fat concentration was unaffected by system in any year of the study, milk protein concentrations in Years 3 and 4 were higher with animals managed on systems C-F and C-C, compared to those managed on systems F-F and F-C.  This is a reflection of the effect of winter management regime on lactation milk composition.

16 Milk from forage was calculated as 5841, 4774, 3068 and 2318 kg for systems F-F, 
F-C, C-F and C-C respectively.  The figure of 5841 kg of milk from forage (system 
F-F) clearly highlights the potential of systems based on very high quality grass silage, combined with high allowances of high quality pasture, to sustain very high levels of milk production.

17 The results of this study confirm that very similar levels of milk output can be achieved from very different combinations of feed inputs, thus providing farmers with a wide range of options by which to produce a given milk output.

18 The results of subsidiary Study 1 confirm the appropriateness of the winter feeding regimes examined in the main systems study, namely offering low levels of a concentrate supplement with the high feed value silages, and high levels of a concentrate supplement with the medium feed value silages.  While reducing the crude protein concentration of the high protein concentrate offered alongside the high feed value silages would have resulted in a reduction in animal performance (subsidiary Study 2), the overall effect of this on margin over feed costs was small.  Nevertheless, the long term implications of offering a lower protein concentrate were not examined in this study, and do need to be considered.  Supplementing the high feed value silages with either 8.0 or 10.0 kg/day of a low protein concentrate (150 g/kg) during the winter period did not provide an economic response.  The results of subsidiary Study 3 confirmed that both the crude protein concentration (approximately 170 g/kg fresh) and level of concentrate supplementation offered (approximately 3.5 kg DM/day) during the grazing period with systems F-C and C-C provided the most economic response.

19 On average, animals on all systems lost approximately 20 - 30 kg live weight and approximately 0.3 units of condition score in early lactation, although there was considerably variation in the magnitude of these losses between years.  However, by week 40 post calving all animals had achieved similar levels of body tissue reserves, suggesting that no one system compromised body tissue reserves more than another.  This conclusion is supported by the data from the animals which were culled after 1.5 years on the study.  The results from this subsidiary study suggests that management system had no effect on the chemical composition, including lipid content, of the empty bodies of the animals culled.

20 The relatively small number of animals on the study necessitates caution when interpreting the fertility data.  In addition, fertility levels between systems and between years of the study were extremely variable.  However there was no firm evidence that system had any effect on any of the fertility parameters measured.

21 The incidence of health problems recorded within the study was unaffected by system.

22 The very different contributions of grass silage, grazed grass and concentrate feed stuffs to each of the four systems had major implications for stocking rates.  Stocking rates associated with systems F-F, F-C, C-F and C-C were 2.3, 2.6, 2.9 and 3.3 cows/ha.  Thus system F-F was associated with a 44% higher land requirement than system C-C, or alternatively, 44% more cows could have been kept on system C-C compared to system F-F.

23 Management inputs associated with each of the four systems were very different.  System F-F, which involved the production of four harvests of high dry matter grass silage, early turnout, and a grazing system based on high allowances of high quality pasture, was associated with the highest level of management inputs.  At the other extreme, system C-C was based on direct cut medium feed value grass silage, a conventional turnout date, and a tight paddock grazing system, and was associated with considerably lower levels of management inputs.

24 The environmental implications associated with each of the four systems were varied and complex.  Organic nitrogen outputs associated with systems F-F, F-C, C-F and 
C-C were calculated as 212, 231, 250 and 272 kg N/ha respectively.  Thus the suitability of any of these systems within a Nitrate Vulnerable Zone would clearly depend on the maximum nitrogen load stipulated for that zone.  In view of recent evidence it is likely that reduced phosphorus diets could have been adopted with all systems in the study without any significant effect on animal performance.

25 System did not have a major effect on either gross margins per cow or gross margins per 1000 litres, although both of these margins decreased slightly with increasing concentrate inputs, from system F-F through to system C-C.  In contrast, gross margin/ha increased substantially from system F-F through to system C-C, with this being a reflection of the reduced land requirements associated with the latter system.  However, simple gross margin analyses fail to take account of the opportunity cost associated with the land used, differences in fixed costs, labour inputs and management requirements, or the environmental consequences of each of the systems.  A whole farm modelling approach is likely to be required when addressing these conflicting issues.

26 Comparing systems F-F and C-C, gross margin/cow and gross margin/litre decreased more rapidly with the former system when fertiliser price was increased, while these gross margins decreased more rapidly with system C-C when concentrate price was increased.  Gross margins associated with a decreasing milk price exhibited a similar rate of decline with each of system F-F and C-C.
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