APPENDIX A: GFCM FUNCTION, ASSUMPTIONS AND DEFAULTS

This appendix details the assumptions and defaults for each of the feed crop types simulated in the Grange Feed Costing Model (GFCM). User input and model function is also described. In the default GFCM scenarios the primary underlying assumption was that all modelled crops were grown by technically knowledgeable farmers on productive, well drained fertile land. It was assumed that crops were managed with the aim of achieving maximum net energy yields in terms of agronomic decisions; (sowing dates and rates, harvest dates etc), input usage (type and rate of inputs such as fertilisers and plant protection products (PPP)) and fixed asset provision (quantity and quality of fencing, farm roadways, feed storage facilities, etc). Default input rates were also set in accordance with legally permissible levels, e.g. fertiliser application rates were regulated by the Nitrates Directive (Anon 2006). Table A.1 lists some of the primary model co-efficients in the GFCM and indicates the original data sources. Where multiple data sources for a specific model co-efficient are cited, this indicates that the mean or weighted mean of the values reported by the cited authors was used. Where weighted mean co-efficients were used, these weightings were determined by ‘expert opinion’ during the model evaluation process as described in the main body of this paper.

The feed management scenario, i.e. crop management, fixed asset provision and input rate defaults was determined for each feed crop according to ‘Teagasc best farm practice’ for well drained, productive lowland farms. All non-grass crops were assumed to be sown in a loam soil of index 3 for P and K nutrient status and in which the previous crop was permanent pasture harvested for grass silage. 

Grazed grass and clovers

Grass utilization rates take into account losses due to tramping, soiling and rejection of the sward by the grazing animal and grass plant senescence during the grazing period (Brereton et al. 2005).  The seasonal default utilisation efficiency was 750 g/kg DM (Shalloo et al. 2004; Crosson et al. 2006). This variable could be adjusted by the GFCM user to reflect increased or reduced utilization efficiency due to changed stocking rates, grazing practices and weather or soil conditions.
The default annual mean DM concentration of grazed grass was 174 g/kg DM (O’Kiely et al. 1997). The annual digestibility value for grazed grass was derived using a weighted mean of grass grown throughout the year from seasonal values reported by Kennedy (2002), Burns et al. (2010) and DAF (2010a) (Table A.1). Digestibility of grazed grass was not assumed to differ from the digestibility of grass grown above 40 mm at the time of grazing. Net energy content of grazed grass was calculated from DMD by an equation derived from Jarrige, (1989) as follows: 

NEGG = (0.1059 × (DMD × 0.014332)) – 0.2183

[UFL /kg DM]

(1)
where NEGG = Net energy for lactation concentration of grazed grass and DMD is expressed as g digestible dry matter per kg DM. The default reseeding interval for grazed perennial ryegrass swards was 15 years.
A grazed sward of mixed perennial ryegrass and white clover (Trifolium repens) (GGWC) can also be simulated in the GFCM independently of the perennial ryegrass monoculture sward. The main input rates, management, yield and utilisation efficiency for the GGWC crop were primarily derived from experimental work conducted by Humphreys & Lawless (2006). The reseeding interval for GGWC was 15 years and 0.20 of the area was over-sown with white clover seed each year to maintain a high proportion of clover in the sward.

Table A.1 Primary assumptions, functions and data sources for GFCM feed crops
	Feed
	Assumption
	Model function or

co-efficient
	Reference/Data source

	
	
	
	

	All feeds
	Nitrates Directive  fertilizer limits observed  for soil nutrient indices of 3 for N, P and K 
	
	Anonymous (2006); Coulter & Lalor (2008) 

	GG
	Dry matter yield calculated as a function of annual nitrogen application rate (N)
	DMY = (-0.0444 × N2) + (38.419 × N) + 6257.2
	Butler (2006)

	
	Annual default utilization rate
	750 g/kg
	Shalloo et al. (2004); Crosson et al. (2006)

	
	DM content
	174 g/kg
	O’Kiely et al. (1997)

	
	DMD value
	817 g/kg DM
	Kennedy (2002); Burns et al. (2010); DAF (2010a)

	
	Net energy calculated from DMD value
	UFL = (0.1059 × (DMD × 0.0143)) – 0.2183
	Jarrige (1989)

	GS & GSB
	DM yield calculated as a function of harvest date (h); expressed as number of weeks from 1 May
	DMY = (-0.0366 × h2) + (1.2917 × h) + 1.1052
	O’Kiely (2004); O’Kiely (2007)

	
	DMD of harvested grass calculated as a function of harvest date (h); expressed as number of weeks from 1 May
	DMD = (-1.0326 × h2) – (9.8167 × h) + 830.2300
	O’Kiely (2007)

	
	Net energy calculated from DMD value
	UFL = (0.0013 × DMD) – 0.1166
	O’Mara et al. (1997)

	
	Spring grazing yield adjustment
	
	Swift & Edwards (1980); MacCarthy (1981); O’Riordan et al. (1998); Humphreys & O'Kiely (2006)

	
	Spring grazing DMD adjustment
	
	Humphreys & O’Kiely (2006); Humphreys & O’Kiely (2007); O’Neill et al. (2000); Swift & Edwards (1980); Swift & Edwards (1983)

	GS
	Utilization rate
	800 g/kg
	Rotz et al. (1989); Rotz (1995); Humphreys & O’Kiely, (2007) 

	
	Default DM concentration 
	217 g/kg
	Wheeler et al. (1983)

	GSB
	Utilisation rate
	850 g/kg
	Rotz et al. (1989); Rotz (1995)

	
	Default DM concentration
	324 g/kg
	Keating & O’Kiely (1997)

	WCM
	Utilization rate
	857 g/kg
	O’Kiely & Moloney (2002); Clark et al. (2008); Lynch et al. (2010) 

	WCW
	Utilization rate
	847 g/kg
	Hill & Leaver (1999); O’Kiely & Moloney (2002); Nadeau (2007)

	BG
	Harvesting efficiency
	980 g/kg
	Stacey et al. (2006)

	PRB
	Storage and feed-out efficiency
	970 g/kg
	Kavanagh et al. (2009)

	GG = Grazed perennial ryegrass; GS = First harvest perennial ryegrass bunker silage; GSB = First harvest perennial ryegrass baled silage; WCM = Whole-crop maize silage; WCW = Whole-crop winter wheat silage; BG = Spring sown barley grain; PRB = Purchased dried rolled barley.


Grass and clover silages and hay

Grass silage crops were assumed to be harvested from a perennial ryegrass sward (intermediate and late maturing cultivars). The sward was cut using a conditioner mower and subsequently collected by a precision-chop harvester, consolidated in a walled concrete bunker silo (width to length ratio 1:2.2) and sealed beneath two layers of polythene cover. The width-to-length ratio was significant because narrower silage clamps were recommended for maize and whole-crop cereal silages relative to those for grass silage in order to minimize the area of feed face vulnerable to spoilage from secondary fermentation during feed-out. Using Teagasc guidelines for width-to-length ratio, 0.16 more concrete was required to construct walls around a whole-crop bunker silo than an equivalent silo designed for grass silage. Feed-out was by means of a tractor and silage ‘block-cutter’ to transport ‘blocks’ of silage from the silo to the livestock as described by Forristal (1993).

For baled grass silage (GSB), the mown crop was wilted in situ for 48 h (including conditioning by a swath conditioner 24 hours post mowing), baled in 1.2 × 1.2m cylindrical bales and wrapped with four layers of stretch polythene film prior to storage in stacks (average 2.5 bales high) on a crushed stone surface adjacent to the feed-out area.

Final defoliation of the sward prior to silage or hay harvest was assumed to occur by grazing to a mean residual height of <40 mm in November of the previous year. The GFCM can also simulate final defoliation dates in spring, prior to silage harvest, of 15 March, 31 March, and 15 April.

Default grass silage DM concentration values were as recorded from multi-year national farm survey samples; 217 g/kg DM for precision chopped bunker silage and 324 g/kg DM for round baled silage. Grass silage yields and digestibility values were as calculated for weekly harvests using data from a five year field experiment at Teagasc, Grange.

DMYGS1 = -0.0366 × h2 + 1.2917 × h + 1.1052



(2)
where DMYGS1 = yield of first cut silage harvest (t DM/ha) and h = harvest date expressed as number of weeks from 1 May.

Digestibility of the harvested grass was similarly calculated from the following function of harvest date derived from O’Kiely (2007).

DMDGS = -1.0326 × h2 - 9.8167 × h + 830.23



(3)
where DMDGS = the dry matter digestibility (g/kg) of grass cut for silage and h = harvest date expressed as number of weeks from 1 May (e.g. 1 May to 8 May =1, 9 May to 16 May =2, etc).

The utilization efficiency of the grass silage took account of DM losses occurring during harvest, conservation in the silo and during feed-out, as described by Rotz et al. (1989); Forristal et al. (1995); Rotz (1995) and Humphreys & O’Kiely (2007). 

UDMGS = DMYGS × εH × εC × εF





(4)
where UDMGS = utilized yield of grass silage harvest (t DM/ha), εH = harvesting efficiency (default bunker 0.970, default bale 0.940), εC = conservation efficiency (default bunker 0.846, default bale 0.928) and εF = efficiency of feed-out (default 0.975). Efficiency of DMD conservation during ensiling and feed-out was an indirect function of spring sward management, due to increased concentrations of WSC in the herbage of the spring grazed sward relative to the un-grazed sward. Default DMD conservation efficiency when the sward was grazed in spring prior to silage harvest was 0.970 and if not grazed in spring was 0.946. Silage net energy content was calculated from the silage digestibility value at feed-out by means of the following equation taken from O’Mara et al. (1997).

UFLGS1 = (0.001288 × DMD) – 0.1166




(5)

where UFLGS1 = net energy for lactation concentration of the first cut grass silage (UFL/kg DM) and DMD was expressed as g digestible dry matter per kg DM.

A ‘spring grazing adjustment’ exists in the GFCM in the form of coefficients which quantify the impact of spring grazing on the yield and digestibility (Swift & Edwards 1980, 1983; O’Neill et al. 2000; Humphreys & O’Kiely 2006, 2007) of the silage sward at each silage harvest date. If the silage sward was grazed until 15 April, DM yield at 5 June reduced proportionally by 0.36 and DMD increased by 0.02 relative to a ‘not spring grazed’ scenario.

Hay production was also simulated from an identical perennial ryegrass sward. The mown sward was wilted in situ to a DM concentration >800 g/kg over a period of 6 days and conditioned six times by a swath conditioner. Hay was then baled in cylindrical 1.2 × 1.2 m bales and stacked three bales high in a purpose built hayshed adjacent to the feed-out area. Harvesting and storage losses were derived from the experimental work described by Rotz (1995) including DM and nutritional value losses due to rain damage. The default reseeding interval for perennial ryegrass hay and silage swards was 10 years.

A mixed silage sward of perennial ryegrass and red clover (Trifolium pratense) (PRRCS) can also be simulated in the GFCM. The main input, management, yield and utilization rates for the GRCS crop were derived from experimental work conducted by McBratney (1984), Frame (2002), and O’Kiely et al. (2006). The reseeding interval for PRRCS was 8 years and 0.25 of the area was over-sown with red clover seed each year to maintain a high proportion of clover in the sward.

Maize silage

Maize sowing was assumed to take place in mid-April and the crop was harvested for silage in mid-October using a precision-chop harvester. The maize silage was assumed to be consolidated in a walled rectangular bunker silo (width-to-length ratio 1:3.4) and thereafter managed and fed out as per the grass silage described above.

The utilization efficiency of the maize silage was calculated in the same manner as for grass silage, to take account of DM losses occurring during harvest, conservation in the silo and during feed-out. Default harvesting, conservation and feed-out efficiency values for maize silage were 0.985, 0.892, and 0.975 respectively.  DMD conservation efficiency during ensiling and feed-out was a function of crop DM proportion at ensiling, with greatest efficiency of DMD conservation arising for crops ensiled between 250 and 360 g DM/kg. DMD conservation efficiency ranged from 0.95 to 0.97. 

Maize silage net energy content was calculated from the silage digestibility value at feed-out by means of the following equation derived from O’Mara (1996).

UFLMS = -0.00001 × DMD2 + 0.00704 × DMD – 1.83956


(6)
where UFLMS = net energy for lactation concentration of the maize silage and DMD was expressed as g digestible dry matter per kg DM.
Cereal grain crops

Grain crops (barley (Hordeum sativum), wheat (Triticum aestivum), oats (Avena sativa) and triticale (X Triticosecale)) can be sown in either winter or spring for harvest as a grain crop, or for whole-crop silage in late summer or autumn. Grain crops were assumed to be harvested at full ripeness, mechanically dried and rolled prior to storage, or harvested a number of weeks prior to full ripeness (high moisture grains; HMG) and treated with preservatives before storage. The straw was baled and sold from the field as a by-product of the grain crop. This sale value was deducted from crop production costs in the calculation of grain crop TFC. There were three HMG processing and conservation options included in the GFCM for cereal grain crops as described by Stacey et al. (2007):

a) Harvested at grain DM concentrations from 600 – 700 g DM/kg, crimped lightly with a mechanical roller, treated with inoculant, compacted in a silo and stored anaerobically.

b) Harvested at grain DM concentrations from 700 – 780 g DM/kg, crimped lightly with a mechanical roller, treated with 30 kg urea or urea/urease based additive per t grain and stored anaerobically.

c) Harvested at grain DM concentrations from 700 – 780 g DM/kg, rolled with a mechanical roller, treated with a propionic acid based additive and stored aerobically but under protective cover.

Grain DM yields were derived from multi-year national on-farm yield data collected by CSO (2010b) (Table 3.4). Grain harvesting and storage and feed-out efficiencies (dependent on conservation options) were based on values published by Stacey et al. (2006) and Kavanagh et al. (2009), respectively. Grain nutritional values were taken from O’Mara (1996) and conservation of OMD value from harvest to feed-out was derived from Stacey et al. (2007). NE content of grain at feed-out when dried and rolled was 1.03 for oats and 1.16 UFL/kg DM for all other cereal grains. OMD processing and conservation efficiency was 1.05 for urea treatment, 1.03 for propionic acid treatment and 1.00 for other treatments.

Whole-crop cereal silages

Whole-crop cereal silages (WCCS) could be made from any of the four small grain cereal crops in the GFCM. Cereal could can be harvested at the ‘soft dough’ stage of grain maturity (350 – 500 g DM/kg) for anaerobically fermented silage, or harvest delayed until grain hardening (650 – 750 g DM/kg) and treated with urea for alkalage (alkaline conserved forage). DM yields of WCCS in the GFCM were calculated as follows:

DMYWCCS = (PGY + PSY) × MWCCS





(7)
where DMYWCCS = whole crop cereal silage harvestable DM yield; PGY = potential grain DM yield; PSY = potential straw DM yield and MWCCS = yield adjustment as a function of the maturity of the cereal crop at harvest, derived from Corrall (1977).

MWCCS = -0.0003 × d2 +0.0331 × d + 0.104




(8)
where d = dry matter concentration of the whole-crop at harvest (g DM/kg).

WCCS were stored in walled concrete bunker silos and managed and fed out as described for the whole-crop maize silage described above. Default conservation and feed-out efficiency co-efficients were as per values reported by Hill & Leaver (1999); O’Kiely & Moloney (2002) and Nadeau (2007) (Table A.1).

Harvested fodder beet and sugar beet

Fodder beet and sugar beet (Beta vulgarwas ssp. vulgaris) can be simulated in the GFCM as harvested root crops (c. 190 g DM/kg), with the stems and leaves sold as a by-product for in situ grazing. Harvested beet was stored in triangular clamps, 2 m high and 4.5 m wide at the base, on a crushed stone surface. The clamps were assumed to be covered with 0.4m of straw and a polythene sheet to protect from frost damage as described by O’Mahony & Pettit, (1989). Crop tops (stems and leaves) were assumed to be grazed in situ as a by-product, post root harvest. DM yield of tops was assumed to be 0.30 of the associated root yield with a grazing utilization efficiency of 600 g ingested per kg grown, and a crop sale value of 0.70 of GG TFC (based on a valuation by specialist advisors). This sale value was offset against production costs to calculate root crop TFC. 

Harvested fodder beet roots were assumed to be cleaned and chopped prior to feed-out as described by Forristal (1993). Beet utilization (harvesting, storage, cleaning and feed-out) efficiency (806 g ingested per kg grown) was derived from O’Mahony & Pettit (1989) and nutritional values were taken from O’Mara (1996).

Grazed brassicas and fodder beet

The grazed brassicas costed in the GFCM were kale (Brassica oleracea var. acephala), swedes (Brassica napobrassica), stubble turnips (Brassica rapa ssp. oleifera) and forage rape (Brassica napus). They could be simulated as spring/summer sown, and winter grazed feed crops. Low DM cultivars (c. 130 g/kg) of fodder beet could also be utilized by winter grazing. Access to a daily grazing allowance was assumed to be provided by advancing an electric fence through the crops each day.

Kale DM yields (DMYKale) were calculated as a function of sowing date as described by Padraig French, Teagasc Moorepark (personal communication, 2008):

DMYKale = 38 x k2 + 1176 × k + 12338




(9)
where DMYKale = yield of kale (kg DM grown/ha) and k = sowing date expressed as number of weeks from 20 May. Default sowing date (k) in this study was 2.

A similar function of sowing date was used to calculate swede yields, while deterministic yields derived from experimental data were used for stubble turnips, rape and fodder beet (Bill Keogh, Teagasc Moorepark, personal communication, 2008). Grazing utilization efficiency was as reported by Keogh et al. (2007) while nutritional values were as per those recorded by Jarrige (1989).

Purchased feeds

In addition to the individual crop sheets in the GFCM, a sheet was provided to cost purchased feeds, including cereal grains, grain legumes, brewing and food industry by-products and forages. Default storage facility and feed-out costs were added to the purchase price of these feeds to calculate TFC. Storage and feed-out losses were accounted for in the same manner as for the home produced feeds outlined in Table A.1.
Model function and user input

A high level of user flexibility was a key objective in the development of the GFCM. Firstly, the inputs sheet specifies the current price data for a comprehensive set of inputs including land, capital, labour, variable inputs, cropping, processing and feed-out operations and construction or purchase of fixed assets. The GFCM user may simulate input price change by specifying the magnitude of price change in this inputs sheet. Secondly, within each individual crop sheet, the user must define the management and non-management properties of the feed cropping scenario to be modelled. The variables required to be specified by the user are:

1) The natural resources employed (soil type, soil nutrient status, mean annual rainfall, etc). 

2) Management decisions (previous cropping history, sowing and harvest dates, stocking rates, harvesting, processing and conservation technologies, etc) to be modelled in the scenario.

3) Variable inputs (fertilizer rates, plant protection products, silage additives, contractor operations, etc) to be modelled for the feed crop. 

4) The fixed resources employed (fixed assets).

These specifications may be made by selecting from a pre-defined set of options in the crop sheets. Based on the natural resource and harvest option selections initially specified by the user, the model indicates the fertiliser requirements of the crop and the most appropriate technologies to use in terms of conservation (e.g. fermented whole-crop silage for a cereal crop <50 g DM/kg). Fertilizer requirements, for example, are calculated using the information specified by the user regarding soil type, mean annual rainfall, soil indices for nitrogen (N), phosphorus (P) and potassium (K), previous cropping history and expected yield range (Coulter & Lalor 2008).
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