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BACKGROUND
The European Union Nitrates Directive (91/676/EEC) was established to prevent the pollution of groundwater and surface water by nitrates arising from agricultural sources.  Within Northern Ireland, a total territory approach to the implementation of the Nitrates Directive was adopted in 2004.  Following this, a Consultation Paper on the Proposed Action Programme to meet the requirements of the Nitrates Directive in Northern Ireland was issued by the Department of the Environment (DOE) and the Department of Agriculture and Rural Development (DARD) in February 2005.  

The Nitrates Directive, in effect, imposes a stocking rate limit.  Maximum permissible stocking rates are determined by two factors: 1) a limit on the quantity of organic nitrogen (manure N) than can be applied annually per hectare, and 2) the quantity of organic N excreted annually by each class of livestock.  With regards the former, the Nitrates Directive stipulates a maximum organic N application of 170 kg/hectare, a value that must be adopted unless a derogation is approved by the EU.  However the Directive does not stipulate standard values for annual organic N excretion for each class of animal, and as such, it is the responsibility of each member state/region to adopt values relevant to their own farming practices.  

While the Department for the Environment Food and Rural Affairs (DEFRA) has published values for manure N outputs for different classes of livestock in Great Britain, differences in production systems mean that some of the DEFRA values for Great Britain are not applicable to Northern Ireland.  This is especially the case for dairy cows.  For example, dairy systems in Northern Ireland are based on lower concentrate inputs and lower milk outputs than those in Great Britain. To address this issue, AgriSearch commissioned the Agricultural Research Institute of Northern Ireland (ARINI) to examine manure nitrogen outputs for dairy cows under Northern Ireland conditions.  The outcome of this research project was that the average Northern Ireland dairy cow produces 91 kg of manure N output/annum.  This value has been included within the Northern Ireland Nitrates Directive Consultation Paper (February 2005).  

Nevertheless in some production systems, particularly low input systems, work at this Institute has shown that manure N outputs can be considerably lower than this level.  In recognition of the fact that these systems can be less ‘polluting’, and as such should be encouraged, provision has been made within the Proposed Action Programme for the adoption of a lower manure N output value in certain circumstances.  This is clarified on page 59 of the Consultation Document in the following statement: “use of lower figures in calculating manure nitrogen inputs would, however, require technical data to justify the lower values and these would form part of the record keeping required by the Directive”.  

In response to this, AgriSearch commissioned ARINI to develop a proposed methodology, based on sound scientific principles, that would enable farmers operating low input systems to justify the adoption of annual manure nitrogen outputs of less than 91 kg per cow.  This report provides full details of a proposed system which would enable farmers to justify a manure nitrogen output of less than 91 kg/cow/year based on detailed record keeping and feed analysis.

Approval of this proposal by DOE/DARD will be required before this system can be accepted as part of the Proposed Action Programme in response to the Nitrates Directive.

OBJECTIVE OF THE PROJECT

To provide a robust, accurate and science-based recording and prediction system for the calculation of manure nitrogen output from dairy cattle, based on feed and forage analysis, and cow performance data.

A SYSTEM BASED ON NITROGEN INTAKES

Previous research within a related AgriSearch commissioned project examined factors influencing manure N outputs from dairy cattle.  Relationships between manure N outputs and cow live-weight, milk output and N intakes were examined.  This project clearly indicated that both live-weight and milk yield were poor predictors of manure N output (R2 = 0.22 and 0.32, respectively), while total N intake had a very strong relationship with manure N output (R2 = 0.89).  The three relationships developed are presented in Figure 1 (Agnew and Yan, 2004).  
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Figure 1  Relationships between manure N excretion and N intake, milk yield             and live-weight in lactating dairy cows

Based on the outcomes of this earlier work, it was concluded that an accurate manure nitrogen prediction system for individual farms should be based on  the determination of nitrogen intake.  

The nitrogen intake of dairy cows is a function of two factors: 1) dry matter (DM) intake, and 2) the N content of feeds.  The steps involved in determining DM intakes are highlighted below.

DETERMINING DM INTAKES 

While the intake of the concentrate component of a diet is normally known with a high degree of accuracy, determination of forage intakes provides a much greater challenge.  Within a research environment, DM intakes of forages can be determined accurately using Calan gate feed systems during the winter period and by indigestible markers (for example, n-alkanes) during the grazing period.  However measurement of forage intakes on farms is much more problematic, and indeed, virtually impossible without major investment in time and resources.

Nevertheless, a number of alternative methods can be used to determine forage intake at farm level, including the use of silage intake prediction systems and ‘back calculation’.  With regards to the former, the Hillsborough Feeding Information System (HFIS), an internationally recognised system developed at this Institute, can accurately predict the silage intake potential (SIP) of grass silage for the fully housed period. Unfortunately a similar prediction system is not yet available for the grazing animal, and a different approach is needed for animals at grass.   The ‘back calculation’ technique can be used to determine DM intakes during both the indoor and grazing periods.  In order to maintain continuity in the scientific approach adopted throughout the entire model, it was decided that the intake of all forages would be determined using the ‘back calculation’ approach. 

‘Back calculation’ is an established technique (Baker, 2004) that allows the intake of livestock to be calculated, based on actual levels of animal performance.  The key steps involved in the determination of forage intakes by back calculation can be summarised as follows:

1) Calculate energy expenditure by the animal

2) Determine the ME content of each ration component 

3) Based on the ME content of each ration component and knowing the actual fed level of concentrate consumed, calculate the forage DM intake necessary to achieve the given energy expenditure. 

CALCULATION OF ENERGY EXPENDITURE

The Metabolisable Energy (ME) system

Within the UK, the energy requirement of ruminant livestock is assessed using the Metabolisable Energy (ME) system.  This system was developed by Blaxter (1962), and was first proposed for use in the UK in 1965 by the Agricultural Research Council (ARC, 1965).  The original system was substantially revised by ARC (1980), and further modified by Agricultural and Food Research Council (AFRC, 1990), with a new working version published in 1993 (AFRC, 1993).   The system continues to be tested and improved, with the most recent developments being incorporated into “Feed into Milk” (2004), a new applied feeding system for dairy cows that was developed with a very significant ARINI involvement.  The ME system recognises that the energy requirement for cattle is the sum of the energy requirement for maintenance, production (milk and live-weight gain) and foetal growth i.e. 

ME requirement = ME for maintenance + ME for lactation + ME for pregnancy + ME for tissue gain/loss

Theoretical considerations:

Tissue gain/loss:

Within a research environment an accurate assessment of tissue changes can be made by monitoring animal live-weights on a weekly basis.  Indeed, when using the back calculation technique to assess intake over a short period of time, it is essential to take account of energy released from tissue loss or energy required for tissue gain.  However, few dairy farms have the equipment necessary to weigh cows, while in addition, this is not a practical option both from a health and safety and animal welfare point of view.  The use of a default value for live-weight gain and loss was discounted due to the many factors that influence the degree of tissue change, for example, silage quality, concentrate feed level, grazing management and cow genetic merit.

When examined over a full 12 month period, a cow will normally lose weight in early lactation but regain this weight in mid and late lactation. Consequently she will end up with a similar level of body tissue reserves as at the beginning of the 12 month period.  While there are small differences in energetic efficiency between tissue loss and gain, these differences are small.  As a consequence, it was decided to exclude energy requirements for tissue loss/gain from the programme. 

Pregnancy:

ME requirements for pregnancy are negligible prior to day 200 of gestation.  Within the ME system, the mean daily ME requirement for pregnancy between day 200 and day 280 of lactation is 21 MJ/day, a total of 1680 MJ.  When spread across a 404 day calving interval (the mean calving interval identified in a survey of Northern Ireland dairy farms (Mackey et al., 2003)), this is equivalent to a daily requirement of 4 MJ/day.  This would equate to a dry matter intake of approximately 0.33kg/day.  Due to the insignificant nature of this requirement over the lactation cycle, the ME requirement for pregnancy has been excluded from the programme.

Maintenance:  

Cows require energy to maintain their normal body functions, and this is termed the maintenance energy requirement.  The following equation, based on metabolic live-weight has been used to determine maintenance requirements:

ME for maintenance = 0.64 x LWT^0.75
Yan et al (1997)

Lactation:  

The energy content of milk has been calculated as follows:

Gross energy of milk = 0.0376 x [fat] + 0.0209 x [protein] +0.948

Tyrell and Reid (1965)

Feed into Milk (2004), the current UK feed rationing system for dairy cows combined these maintenance and lactation components in a robust relationship where ME intake, adjusted to zero energy balance, is described as a function of the gross energy of the milk output and the animal liveweight.

ME for maintenance & milk production = 

(loge((5.06-milk energy)/(5.06+0.453)))/-0.1326

where milk energy is based on a metabolic liveweight.

Dry cow requirements:

While equations are available to calculate the energy requirements of dry cows, the model uses a standard value for manure N excretion by dry cows, rather than basing this on ME requirements. The value adopted, based on cow live-weight, was obtained from the Costigan Report (1999).  This value is also used by DEFRA.  The reasoning behind this standard system accepts that cows are only dry for approximately 2 months of the year, and during this time their ME requirements are relatively low, thus the use of a standard manure N output figure will have little overall impact on manure N output.

Information required to calculate energy expenditure:

Live-weight:  

As highlighted above, few farms have a weighbridge on which to weight animals.  It is therefore proposed that standard live-weight figures should be adopted.  The following live-weights (based on the ARINI herd) are suggested, unless farmers can justify the use of an alternative figure:

Category 1)
High genetic merit Holstein-Friesian = 575 kg

Category 2) 
Medium genetic merit Holstein-Friesian = 525 kg

Category 3)
Herd containing between 25 - 50% crossbred animals or purebred animals of a ‘small breed’(eg Jersey, Guernsey, NRF, Normandy, MRI) = 500 kg

Category 4)
Herd containing greater than 50% crossbred animals or purebred animals of a ‘small breed’ (eg Jersey, Guernsey, NRF, Normandy, MRI) = 475 kg

Due to their genetic capacity for milk production, high genetic merit Holstein-Friesian cows are unlikely to be managed on low input systems with an annual manure N output of less than 91kg.  Most Holstein-Friesian herds that could potentially adopt the system will comprise of medium genetic merit animals (Category 2), and consequently the default value within the programme has been set at 525 kg.  However, an increasing number of Northern Ireland dairy farms, especially those operating low input/low output systems, have been making use of crossbreeding, or breed substitution, and the smaller live-weights of these animals are recognised in the values presented in Categories 3 and 4.

Milk composition:

Milk fat and protein percentages are required to calculate milk energy content. It is proposed that these values will be obtained from the monthly milk statement issued by the farmer’s milk purchaser.

Volume of milk produced:

Most milk produced on farms is sold to a milk purchaser, and this volume will be obtained from the monthly milk statement.  However on some farms a small quantity of milk may be fed to other livestock, normally young calves.  Farmers must keep a record of the quantity of used on the farm, and this is taken account of within the model.  

DETERMINATION OF THE ME CONTENT OF RATION COMPONENTS

The back calculation technique requires that the ME content of each feedstuff on offer is known.  The following is proposed:

Grass silages/maize silages and whole crop silages:

Near Infrared Reflectance Spectroscopy (NIRS), a simple and rapid analysis  technique, can be used to accurately predict the metabolisable energy content of silages (Steen et al., 2002).  During the last 10 years, ARINI has developed a number of calibration systems to allow the ME content of various forages to be assessed.  This is now available as a commercial service to farmers in Ireland.  A number of private laboratories offer a similar service.  In order to take account of variability that exists within some silage pits, it is recommended that as a minimum, two samples should be obtained from each pit of silage being fed, one from the ‘front half’ and one from the ‘back half’, and these samples should be analysed by NIRS.

Grazed grass:

A NIRS calibration exists for predicting the ME content of grazed grass.  However, the composition of grass varies greatly during the growing season, while at the same time, fertiliser N application rates can have a considerable impact on grass N content.  Consequently it is recommended that a grass sample is submitted for NIRS analysis for the prediction of ME content during each month of the grazing season.

Other forages:

It is possible that a number of other forages for which no NIRS calibration is available locally, may be offered on a small proportion of farms (eg Lucerne silage, forage peas etc).  For these silages it is recommended that a standard book value be used.  A list of standard book values based on values used by Feed into Milk (2004) will be available in the ‘user guide’, and these values should be used, unless a farmer can justify an alternative value.  

Purchased concentrates:

It is not obligatory for Feed Compounders to provide details of the ME content of purchased concentrates.  However most quality purchased dairy concentrates will have a ME concentration of between 13.0 – 13.5 MJ/kg DM.  It is recommended that an intermediate ME content of 13.25 MJ/kg DM is adopted, this being equivalent to a ME concentration of 11.7 MJ/kg fresh weight (@88% DM).

Home mixed concentrates:

In the case of home mixed concentrates, a lower ME concentration is likely.  It is recommended that the ME content of a home mixed concentrate is calculated based on book values for the ME contents of the individual feed ingredients.   A list of ‘standard book values’ for feed ingredients will be presented within the ‘user guide’, and these should be adopted, unless a farmer can justify an alternative value.  The final computer model developed will include a programme for calculating the ME content of a home mixed concentrate.

Straights and by-product feeds:

A list of ‘standard book value’ ME’s for straights and by-product feeds will be presented within the ‘user guide’, and these should be used, unless a farmer can justify an alternative value.  

CALCULATION OF INTAKES OF INDIVIDUAL FEED STUFFS

Concentrates:

During the winter period, virtually all dairy cows in Northern Ireland are offered supplementary concentrates.  While most farmers will offer a reduced amount of concentrate during the summer period, on some low input farms, animals graze without supplementation. When calculating DM intakes by back calculation for animals offered a forage plus concentrates, the intake of the concentrate component of the diet must be accurately known.  This is not normally a problem as concentrates are the most expensive component of the diet, and farmers, especially those operating low input systems, will know this figure accurately.  

Forages:

Knowing the concentrate intake, and the ME content of the concentrate, the ME intake from concentrate can be calculated.  By deducting the ME consumed from concentrates from the total ME required, the ME consumed from forage is obtained.  By dividing this value by the ME content of the forage on offer, the forage DM intake is obtained.  

This is highlighted below for a cow with a total ME requirement of 190 MJ/day, consuming 4.3 kg DM of a concentrate with an ME content of 13.25 MJ/kg DM, and an unknown quantity of silage with a ME content of 11.5 MJ/kg DM:

ME consumed from concentrate = 4.3 x 13.25 = 57 MJ/day

Daily ME supplied by forage = 190 – 57 = 133 MJ/day

Forage DM intake = 133/11.5 = 11.56 kg DM/cow/day

The following highlights some of the situations that may be encountered on farms in practice.

Forage offered as sole feed:
In a situation where a forage is offered as a sole feed (no concentrate offered) the calculation is simplified in that Total DM intake is calculated as Total ME requirement/ME content of the forage offered.

Single forage + single concentrate on offer:  
See above calculation.

More than one concentrate on offer:
The present model allows up to three different types of concentrates to be offered at any one time, provided the daily intake, and the ME content of each concentrate is known.

More than one forage on offer:

The model allows up to three different types of forages to be offered at any one time, provided the ME content of each is known.  In addition, the approximate proportion of each forage on offer, on a fresh basis, must also be known.

Part housed-part grazing periods:

On most farms, cows do not move from full time housing to full time grazing in the spring (and vice versa in the autumn) abruptly.  Rather, cows normally graze by day for a period of time, while continuing to be housed by night.  The model deals with this by considering the year as 3 ‘seasons’ i.e. fully housed, part turnout and full grazing.   During the part-turnout periods the model assumes that half of the animal’s ME requirement is obtained from grazed grass and half from the forage offered at housing.

CALCULATION OF NITROGEN INTAKE

Within the model, concentrate intakes are entered directly by the farmer, while forage intakes are calculated by ‘back calculation’, as described above.  Having determined the intake of each individual component of the diet, the next step involves calculating total N intake.  Total N intake is calculated as the DM intake of each ration component, multiplied by the N content of that component (DM basis), summed for all components.  

The N content of each feeds will be obtained as follows:

Grass silage/maize silage/grazed grass:
NIRS analysis, undertaken at the same frequency as outlined for ME analysis 

Other forages:
Based on ‘standard book values’.  These will be available in the program user guide.

Purchased concentrates:
This will be based on the manufacturers declared composition.

Home mixes:

From Feed into Milk standard values as above for each individual ingredient.  The computer program that calculates that ME content of the concentrate will also calculate concentrate nitrogen content.

Straights and by-product feeds:
From ‘standard book values’, to be provided as part of a user manual as for home mixes.

CALCULATION OF MANURE N OUTPUT

Having calculated total N intake, the manure N output is simply calculated as 0.71 x N intake.  This is based on the relationship developed by Agnew and Yan (2004), as highlighted earlier.

THE MODEL:  

Having highlighted the methodology used to determine manure N output, this section of the report examines the model developed.  The version of the model supplied along with this report is in an Excel format.  If the proposal outlined in this paper is accepted by DOE/DARD to justify the calculation of a value for manure N output of less than 91 kg/cow/year, the model will be further developed to run as an executable program using Excel as a database for data storage.

The model runs for a 12 month period.  While currently set up to run over a calendar year, 1 January – 31 December, it is possible to develop the model to run over any 12 month period, commencing on the 1st day of any month.  The following is a list of possible inputs to the model:

Inputs

Annual

Year

Farmers name

Address

Year start date (default 1st January)

Average liveweight

Dates required

First turnout date

Full turnout date 
Autumn first housed date 

Fully housed date

Monthly (milk details)

Milk sold

Milk used on farm

Butterfat %

Protein %

Monthly (herd details)

Cows in herd at start of month

Cows in milk at start of month

Cows in milk at end of month

Cows in herd at end of month

Monthly (concentrate)

Concentrate 1 purchased (tonnes)

Concentrate 2 purchased (tonnes)

Concentrate 3 purchased (tonnes)

Concentrate 1 dry matter (%)

Concentrate 1 protein (%)

Concentrate 1 ME (MJ/kg)

Concentrate 2 dry matter (%)

Concentrate 2 protein (%)

Concentrate 2 ME (MJ/kg)

Concentrate 3 dry matter (%)

Concentrate 3 protein (%)

Concentrate 3 ME (MJ/kg)

Concentrate 1 fed to milking cows (kg/d)

Concentrate 1 fed to dry cows (kg/d)

Concentrate 2 fed to milking cows (kg/d)

Concentrate 2 fed to dry cows (kg/d)

Concentrate 3 fed to milking cows (kg/d)

Concentrate 3 fed to dry cows (kg/d)

Monthly (silage analysis)

Silage 1 dry matter (%)

Silage 1 crude protein (% DM)

Silage 1 ME (MJ/kg DM)

Silage 2 dry matter (%)

Silage 2 crude protein (% DM)

Silage 2 ME (MJ/kg DM)

Silage 3 dry matter (%)

Silage 3 crude protein (% DM)

Silage 3 ME (MJ/kg DM)

Percentage of silage 1 in diet

Percentage of silage 2 in diet

Percentage of silage 3 in diet

Monthly (grass analysis)

Grass dry matter (%)

Grass crude protein (% DM)

Grass ME (MJ/kg DM)

Farm details

The model begins with a general year plan where the farmer provides personal details (name and address), the year during which the model is operating, and the start and end date of the 12 month period being examined.

As the season progresses, the farmer must enter the dates of partial turnout, and full turnout, part housing and full housing.  The model then uses these dates to calculate the number of days within each of the following three categories:  1) full time housing, 2) part-housed part grazing, and 3) full time grazing.  The farmer must also enter the mean cow live-weight, as described previously.  

Monthly details 

Having completed the farm details, the farmer must then provide monthly information.  The model requires the total monthly milk produced i.e. the milk sold and the milk used for feeding or for in-house consumption.  The fat and protein concentrations from the monthly milk statement then allow the total milk energy output to be calculated.  

For the model to calculate accurate N outputs, it is essential that the herd details including cows in milk and total cows in the herd are noted at the begining and end of each month.  The average number of animals in milk for the month is taken as the standard divisor in all cases.  The model is designed to accept inputs on a monthly basis and has default values to allow for omissions in any one month.  However if these data are omitted, it will lead to an overestimations of the manure N produced. 

While data entry initially will be directly into the spreadsheet in the yellow cells, but a bespoke  interface, as shown in Appendix 2, is under development.

Concentrate details

For an accurate model of individual farms, the total quantity of concentrate bought on to the farm each month must be recorded.  The declared crude protein content of purchased concentrate should be used, while a calculator will be included with the final model to estimate the ME and crude protein of ‘home mixed’ concentrates.

The present model allows for up to three concentrate mixes to be used at any one time.  The final model will have additional concentrate input capacity available.  For each concentrate, an average daily herd feed level (kg/cow on a fresh basis) must be entered.

 Forage details

The model allows for up to three conserved forages to be included.  As recommended above, silages should be analysed on a regular basis, while grass must be analysed on a monthly basis.  When several conserved forages are being used, the estimated proportions of each must be included as percentages.

Units for entering data

For forages, the required analyses are dry matter (%) crude protein (%DM), and metabolisable energy (MJ/kg DM).  The Hillsborough Feeding Information System output already has this information in the correct format.  In the case of concentrates, these parameters are more usually expressed on an air dry basis and consequently should be recorded as %, % fresh, and MJ/kg fresh for dry matter, crude protein and metabolisable energy, respectively.  Where dry matter is expressed as moisture (%), it should be entered as (100 – moisture)

Milk butterfat and milk protein are as % by volume. 

Milk quantities are in litres

TESTING THE MODEL

The model has been tested to examine manure N excretion from herds producing 4000, 5000 and 6000 litres of milk/year, and offering either 750 (low) or 1300 kg (average) of concentrate per annum.  The lactation curves examined have been adopted from actual herd lactation curves obtained from farms involved in collaborative research projects being conducted by ARINI.  The composition of the silages and herbage on offer are based on commercial samples analysed as part of the Hillsborough Feed Information System in 2004.

The outcomes of this analysis are summarised in Table 2 with worked examples provided in Appendix 1 a – f.

Table 2 Predicted manure N outputs at low production levels

	
	4000 litre herd
	5000 litre herd
	6000 litre herd

	Low concentrate

 Input (750 kg/y)
	75
	82
	91

	Average concentrate input (1.3 tonnes/y)
	75
	83
	90


MODEL OUTPUT

The final output from the model will be a single A4 page showing the forage and concentrate inputs, the milk produced, and the manure N per cow each year as per Appendix 1a – f.  Farmers will be required to maintain a full audit trail justifying all data inputted into the programme.

The full calculation spreadsheet is shown in Appendix 3

INSTRUCTIONS FOR LOADING THE EXCEL MODEL ON A PC

The program requires that Microsoft Excel is installed on the host computer and that the user has full administrative rights.

Installation

1. Insert the floppy disk in the A: drive of the PC and from My Computer run the A:setup.exe program.  This will install an Excel master spreadsheet in the C:\Program Files\Dairy Calculator folder and make some changes to the Registry.

2. During the install you will be asked for a location to install the shortcut to start the program –the desktop is suggested for quick and easy access.

Operation

While the remit of this part of the project was for an Excel based program, the figures in Appendix 2 shows how a full commercial program may look.

1. Start the program from the Dairy Calculator shortcut on the desktop

2. Enterprise details must be entered before you can start to record a new year.  The turnout times etc can be ignored at this stage.

3. Save and return to the main menu and select start a new year.  This will automatically take a copy of the master sheet and create a new year within the Excel file.  The location for this file is the C:\Program Files\Dairy Calculator folder.

4. Data can be manually entered into the relevant spreadsheet tab under the current month (or by using the bespoke interface).  At this stage of development there is only a limited amount of error checking installed but a ‘commercial program’ would include this on all entries.

5. At present the print command will print out a short report of the inputs and output of Manure N per cow when the full data set is complete.

Examples of final printouts are attached in Appendix 1
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