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1. Summary

Intensive grass-based dairy farming relies on high inputs of nutrients that are now regulated under

SI 378, 2006 (Good Agricultural Practice for Protection of Waters). This project studied nutrient

management practices on twenty-one intensive dairy farms in the south-west of Ireland between

2003 and 2006. Mean stocking rate was 202 kg organic-N/ha deposited by grazing livestock.

Overall fertiliser-N use on the farms decreased from 266 to 223 kg N/ha/yr during the study, with

the rate of fertiliser-N in the first application each year decreasing from 49 to 33 kg N/ha, while

the rate of fertiliser-N applied for first cut silage production also fell from 106 to 96 kg N/ha.

These decreases were partly achieved by applying more slurry in springtime and by the

introduction of white clover on five of the farms. While the limits on fertiliser-N use under SI 378

were exceeded on ten farms in 2003, the limits were exceeded on only two farms in 2006.

Fertiliser-P usage declined from 12.0 to 10.2 kg P/ha/yr, and complied with the limits of SI 378

on thirteen of the farms in 2006. Mean Morgan’s extractable soil P concentration (STP) exceeded

10 mg/l on five farms, while the mean concentration exceeded 8 mg/l on ten farms. Phosphorus

management, therefore, was close to that required by SI 378 on most farms. Slurry storage

capacity met or exceeded the minimum requirements of SI 378 on eight farms; substantial

investment in slurry storage facilities was necessary on thirteen farms. The mean N surplus on the

farms declined from 277 to 232 kg N/ha/yr during the study due to a decline in total N input from

335 to 288 kg N/ha/yr over the same period. The mean efficiency of N-use increased from 17.9 to

20.2 %. The large variation in rates of fertiliser-N applied on farms with similar stocking rates

suggests potential for further improvements in N use efficiency on some farms. Decreases in

nutrient input levels can be partly attributed to increased farmer awareness, due to advice and

record keeping from this study and the introduction of SI 378, and the increasing cost of nutrient

inputs relative to output prices. In terms of fertiliser N and P use and soil P concentrations,

complying with the limits in SI 378 does not require major changes in nutrient management

practices on the majority of these intensive dairy farms.
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2. Introduction

Agricultural land in Ireland is amongst the most expensive in Europe (FADN, 2007). The

intensification of agriculture enables higher production to be achieved from a particular land area.

Intensification has been favoured by many Irish dairy farmers to maximise returns from this

expensive and limited resource. However, intensive grass-based dairy farming relies on high

inputs of nutrients that are now regulated under Statutory Instrument (SI) 378, 2006 (Good

Agricultural Practice for Protection of Waters).

As nutrients cycle though the farm system, unavoidable losses occur (Hilhorst et al., 2001).

Losses of nitrogen (N) occur by three major loss pathways; nitrate (NO3
-) leaching,

denitrification, and ammonia (NH3) volatilisation (Whitehead, 1995). Nitrate leaching leads to the

enrichment of surface and ground waters causing the eutrophication of rivers, lakes and estuaries

(Watson, 2001). Nitrate enrichment of drinking water has been linked with possible human health

problems such as ‘blue-baby syndrome’ and gastric cancer (Addiscott, 1996). Ammonia

volatilisation results in NH3 emission to the atmosphere which is subsequently returned to the

land as ‘acid rain’, resulting in soil acidification, the eutrophication of water sources, and loss of

biodiversity in sensitive ecosystems (Sutton et al., 1998; Pain et al., 1999; Krupa, 2003).

Denitrification can lead to the emission of nitrous oxide (N2O) to the atmosphere (Knowles,

1982). This contributes to global warming and the depletion of the ozone layer (Watson, 2001).

Denitrification also leads to the emission of nitric oxide (NO) which contributes to ‘acid rain’

(Whitehead, 1995) and soil acidification (Watson, 2001). The control of N loss is complex as

efforts to decrease N losses through one pathway often lead to increases in N loss through the

other pathways (Watson and Foy, 2001). Therefore, N management requires careful planning

(Jarvis et al., 1996).

Phosphorus (P) loss results in the eutrophication of water bodies, and can occur by overland flow

and to a lesser extent by leaching. Relatively small losses of P can be quite significant in terms of

water quality (Jarvis and Aarts, 2000). Indeed, P loss to water is Ireland’s greatest environmental

concern (Toner et al., 2005). Phosphorus loss is associated with high soil P levels and the

inappropriate timing of fertiliser P applications, such as during periods of low crop demand or

heavy rainfall.

Until recently there has been reluctance among farmers to curtail the use of artificial fertilisers.

High application rates of artificial fertilisers have been economically justifiable due to the value
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of extra herbage produced relative to the cost of the fertiliser (Jarvis et al., 1996). Farmers are

cautious about decreasing fertiliser rates as they fear that lower input levels will result in a

decline in grass production, and ultimately farm output. In reality application rates have often

been excessive and wasteful, resulting in large surpluses which have simply been lost from the

system. While serious negative effects of nutrient loss on the environment are the main driver

behind increasing legislation on nutrient usage, the loss of nutrients from the agricultural system

is also a substantial financial cost. Therefore, increases in nutrient use efficiency provide farmers

with an opportunity to counteract the negative financial effects of the continuing increase in the

cost of agricultural inputs.

The objectives of this study were:

(i) To gain a better understanding of current nutrient management practices on

intensive dairy farms in the south-west of Ireland.

(ii) To identify nutrient management practices which could potentially be improved to

increase the efficiency of artificial fertiliser and animal manure usage on these

farms.

(iii) To study farm-gate nutrient balances on these intensive dairy farms, and monitor

the effects of changes in nutrient management practices, implemented by the

farmers as a result of enhanced knowledge resulting from this study and

subsequent economic decisions, on these balances.
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3. Materials and Methods

3.1 Farm Selection

Twenty-one farms located in counties, Cork, Kilkenny, Limerick, Tipperary, and Waterford were

selected for this study (Table 2). Grass-based, spring calving dairy systems were the main

enterprise on each of the selected farms.

Table 2: Locations and major soil types of the farms studied.
Farm County Townsland Major Soil Type
1 Cork Kilworth Sandy Loam
2 Waterford Tallow Loam
3 Cork Rathcormac Loam
4 Cork Mitchelstown Loam
5 Cork Conna Loam
6 Cork Conna Loam
7 Cork Kilworth Sandy Loam
8 Cork Kilworth Sandy Loam
9 Cork Dunmanway Loam
10 Cork Mourneabbey Loam
11 Cork Mallow Clay loam
12 Kilkenny Urlingford Loam
13 Kilkenny Urlingford Loam
14 Tipperary Ballylooby Loam
15 Tipperary Golden Loam
16 Cork Charleville Loam
17 Cork Kildorrery Sandy Loam
18 Limerick Hospital Clay Loam
19 Tipperary Ardfinnan Loam
20 Tipperary Clogheen Loam
21 Tipperary Ardfinnan Loam

Approximately 80 % of the farms were selected for having free-draining permeable soils, as this

is the predominant soil type on which intensive dairying is carried out in Ireland. The remaining

20 % of farms have poorly drained impermeable soils. Under SI 378 (2006), all farms are located

in Zone A, with the exception of farm 18 which is located in Zone B. These zones are stipulated

under SI 378 (2006) based on the county in which the specific farm is located, and dictate the

length of closed periods for nutrient application, and required storage periods for organic manures

produced by housed livestock (SI 378, 2006).

All farms were previously involved in research programmes involving Teagasc, Moorepark, and

had a history of accurate record keeping. As the emphasis of this project is nutrient management

on intensive dairy farms, the majority of farms (17 of the 21) were selected with stocking rates of
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between 2 and 3 livestock unit (LU) per ha, where one LU is the equivalent of one dairy cow.

These stocking rates are not typical of average Irish dairy farms, but are representative of

intensive dairy units.

3.2 Data Collection

3.2.1 On-farm Recording

On-farm recording was carried out in 2004, 2005 and 2006. Purpose-built recording boards were

designed and constructed to record all nutrient applications on each of the farms (Fig. 3). These

boards were made of plywood and were mounted in the milking shed on each farm. The

recording boards included a map of the farm, with each paddock individually numbered. The

record sheet consisted of a large grid, with each column numbered corresponding to specific

paddock numbers on the map. The record sheets were laminated, with special permanent ink pens

provided for entering data on them. Calendars and cleaning cloths were also included.

Farmers recorded the date, nutrient type, and rate of every nutrient application on a field by field

basis (Fig. 4). Data were collected from these boards during regular farm visits throughout each

year. The recording sheets were cleaned with acetone after all information had been collected at

the end of each year. The boards were reused the following year.

Figure 3: On-farm recording board.
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Figure 4: Example of data entered on a recording board.

3.2.2 DAIRYMIS Records

DAIRYMIS is a computerised, data recording system run by Teagasc Moorepark, which

monitors a large group of dairy farms in the south of Ireland (Crosse, 1991). All the farms

selected for this study has data collected with this system. Data relating to livestock numbers,

concentrate usage, and milk production and composition were extracted from the DAIRYMIS

database for all years of the study. Annual fertiliser usage for 2003 was also extracted.

3.2.3 Grass Growth

Weekly grass growth data was measured using the methodology described by Corral and Fenlon

(1978) at Moorepark Dairy Production Research Centre, Fermoy, Co. Cork (Latitude 55o10’ N;

Longitude 8o16’ W). Four cut plots were fertilised similarly to the farm paddocks, with one plot

cut per week, on a four week rotation .

3.2.4 Weather Data

Precipitation and soil temperature (measured at 100 mm soil depth) were recorded at the

climatological station located at Moorepark Research Centre as described by Fitzgerald and

Fitzgerald (2004).
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3.3 Soil Analysis

A total of eight soil samples were taken on each of the farms during the study period (two

samples taken during each of the four winter periods). Samples were taken using a standard soil

corer, sampling to a depth of 100 mm. Each sample area was not greater than 4 ha, with sample

areas evenly distributed across each of the farms. The sample areas were also carefully selected to

ensure areas used for grazing and silage production were both represented. At least 50 soil cores

were taken from each sample area, in a zig-zag pattern. Care was taken to avoid unusual spots in

the sample area, such as old fences, ditches, and around gateways and feed troughs. Each sample

was carefully mixed, before smaller representative samples were extracted and sent for analysis

to Teagasc, Johnstown Castle, Co. Wexford. Samples were analysed for soil pH, Morgan’s Soil P

and K concentrations using the standard laboratory procedures for the Republic of Ireland, as

described by Byrne (1979). Soil samples were dried for sixteen hours at 40 oC in a forced draught

oven with moisture extraction. Soil pH was determined by mixing 10 ml of dried sieved (2mm)

soil with 20 ml of H2O and, after being allowed to stand for ten minutes, measuring the pH of the

suspension using a digital pH meter with glass and calomel electrodes. For soil P and K

concentrations, soil samples were extracted in a one part soil to five parts solution ratio with a 10

% sodium acetate solution buffered at pH 4.8 (Morgan’s solution): 6 ml of dried soil was

extracted using 30 ml of Morgan’s solution using a Brunswick Gyratory shaker for 30 minutes at

constant temperature (20°C). The suspension was then filtered using No.2 Whatman filter paper.

Analysis for P and K content was then carried out on the clear extract by spectrophotometry and

flamephotometry respectively.

3.4 Data Analysis

3.4.1 Stocking Rate

Farm stocking rates were expressed as kg organic N/ha. This was calculated by multiplying the

average number of animals in each category of stock on the farm during the year by the annual N

excretion of that category of animal according to standard values from SI 378, 2006 (Table 3),

and dividing by the farm area.
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Table 3: Annual nitrogen excretion rates for livestock (SI 378, 2006).
Livestock Type kg N/year
Dairy Cow 85
Suckler Cow 65
Cattle (0-1 year old) 24
Cattle (1-2 years old) 57
Cattle (>2 years old) 65

3.4.2 Number of Days on which Fertiliser was Applied

The total number of days on which fertiliser was applied on each farm was recorded, regardless

of the size of area fertilised.

3.4.3 Nitrogen Usage

Mean annual fertiliser N application rates were calculated on each farm by dividing the total

quantity of fertiliser N applied during the given year by the total farm area, and was expressed as

kg N/ha/yr.

The rate of fertiliser N applied in the first application of fertilisation was calculated by dividing

the total quantity of fertiliser N applied in the first applications of fertiliser by the total area on

which fertiliser N was applied in the first applications. Areas on which no fertiliser was applied in

the first applications were not included in the calculation. Furthermore, applications made later

than the first of March each year were not considered when calculating the first rotation rate,

even if the area had not been previously fertilised in that year.

The rate of fertiliser N applied for the production of first cut silage was calculated by dividing the

total quantity of fertiliser N applied on the area closed for silage production by the total area

closed.

3.4.4 Phosphorus Usage

The total annual fertiliser P application was calculated by dividing the total quantity of fertiliser P

applied during the year by the total farm area, and was expressed as kg P/ha/yr.
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3.4.5 Slurry Storage and Usage

The weekly slurry storage requirements on each of the farms were calculated by multiplying the

average number of stock in each animal category on the farm over the winter period of 2006 by

the weekly storage requirements for each category of livestock (Table 4). Twenty of the farms

were located in ‘Zone A’ and required 16 weeks winter storage capacity, while farm 18 was

located in ‘Zone B’ and required 18 weeks winter storage capacity (SI 378, 2006).

The length, width and depth of all slurry tanks were measured on each farm. As defined in SI

378, available storage was calculated as the total volume of the tanks, less 200 mm of freeboard

on covered tanks, or 300 mm of freeboard on uncovered tanks. In the case of uncovered tanks, an

allowance for rainfall over the winter period, as stipulated under SI 378, was also calculated by

multiplying the average net weekly rainfall for the area in which the farm was located (Table 5)

by the number of weeks storage required, and deducted from the available capacity of the tanks.

The proportion of slurry applied during different periods of the year was calculated by dividing

the total volume of slurry applied in the year (including imported slurry) into the volume of slurry

applied in the specific period. Three periods were defined; (i) spring (January to April inclusive),

(ii) May/June, and (iii) after June.

Table 4: Winter slurry storage capacity required for cattle (SI 378, 2006)
Livestock Type m3/week
Dairy Cow 0.33
Suckler Cow 0.29
Cattle >2 years 0.26
Cattle (18 to 24 months old) 0.26
Cattle (12 to 18 months old) 0.15
Cattle (6 to 12 months old) 0.15
Cattle (0 to 6 months old) 0.08

Table 5: Average weekly net rainfall during the winter period (SI 378, 2006)
County mm/week
Cork 37
Kilkenny 23
Limerick 26
Tipperary 27
Waterford 31
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3.4.6 Nitrogen Balances

Farm gate balances were calculated for each of the farms to show N imports and exports to and

from the farm. All inputs and outputs of N were expressed as kg N/ha/yr.

Inputs

Fertiliser N imported was calculated as the total N fertiliser applied during the year. Nitrogen

imported in concentrate feed was calculated by multiplying the total quantity of concentrate fed

by its protein content and dividing by 6.25 (McDonald et al., 1995). The N content of any pig

slurry imported onto the farms was estimated as 4.2 kg N/m3 (SI 378, 2006).

Outputs

Nitrogen exported in milk was calculated by firstly multiplying the quantity of milk sold (kg) by

the protein content to give the total quantity of protein exported. This was then divided by 6.39,

assuming that milk protein contains 15.6 % N (Smith et al., 1995). Nitrogen exported in stock

sold was calculated by estimating the total weight of stock sold and multiplying it by the N

content. The N content of calves was taken as 0.029 kg N per kg liveweight, and of older stock as

0.024 kg N per kg liveweight (ARC, 1994). The estimated live-weights of the different categories

of stock are presented in Table 6.

Nitrogen surplus (kg N/ha/yr) was calculated by subtracting total N exported from total N

imported onto the farms, while % N use efficiency was calculated by dividing total exports by

total imports, and multiplying by 100.

Table 6: Estimated animal liveweight.

Stock Category Liveweight (kg)

Cow 625

Calf 50

Cattle (<1 year old) 250

Cattle (1 to 2 years old) 400

Cattle (> 2 years old) 600

3.4.7 Phosphorus Balances

Farm gate balances were calculated for each of the farms to show P imports and exports to and

from the farm. All imports and exports of P were expressed as kg P/ha/yr.
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Imports

Total P imported as fertiliser was calculated as the total quantity of fertiliser P applied in the year.

The quantity of P imported in concentrate feed was calculated assuming 5 kg P per tonne of

concentrate feed (SI 378, 2006). The quantity of P imported in pig slurry was estimated to be 0.8

kg P/m3 (SI 378, 2006).

Exports

Phosphorus exported in milk sold was calculated assuming a P content in milk of 0.0009 kg P per

kg of milk (McDonald et al., 1995; Lynch and Caffrey, 1997). Phosphorus exported in stock sold

was calculated by multiplying the total liveweight sold by the P content, estimated as 0.01 kg P

per kg liveweight (McDonald et al., 1995).

Surpluses and efficiencies were calculated in the same way as described for N.

3.5 Statistical Analysis

Statistical analyses were carried out using MSTAT-C (Freed et al., 1991). Data were subjected to

ANOVA to compare differences between years in factors such as stocking rates, fertiliser usage

and nutrient surpluses. Each farm was included as a replication in the model.

The relationships between factors such as stocking rate and fertiliser N usage, nutrient inputs and

outputs, and nutrient inputs and surpluses were examined using linear regression analysis.
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4. Results

4.1 Weather Data

4.1.1 Precipitation

Mean annual precipitation recorded at Moorepark Research Centre, Co. Cork over the study

period was 1009 mm (Table 7). Annual precipitation from 2003 to 2006 was 882.0, 1031.5,

1028.7, and 1094.3 mm respectively. The summer of 2006 was particularly dry, and was

followed by an extremely wet late autumn/early winter period, during which 58 % of the annual

precipitation was recorded.

Table 7: Annual precipitation at Moorepark Research Centre, Co.Cork (Jim Nash, Pers. Comm).
Month Rainfall (mm/month)

2003 2004 2005 2006 Mean
January 63.9 102.5 119.8 68.6 88.7
February 71.0 56.8 34.8 26.2 47.2
March 61.2 112.4 79.4 124.5 94.4
April 101.0 64.5 82.8 27.8 69.0
May 101.3 42.9 75.7 127.1 86.8
June 104.7 89.3 82.4 13.2 72.4
July 86.6 46.6 66.9 26.2 56.6
August 3.5 171.1 47.8 39.5 65.5
September 40.9 79.0 104.6 201.3 106.5
October 31.7 170.4 153.4 133.6 122.3
November 125.2 27.2 105.6 150.6 102.2
December 91.0 68.8 75.5 155.7 97.8
Total (mm/year) 882.0 1031.5 1028.7 1094.3 1009.1

4.1.2 Soil Temperature

Average monthly soil temperatures (oC), measured at a depth of 100 mm at Moorepark Research

Centre, Co. Cork are presented in Table 8 (Jim Nash, Pers. Comm.). Mean annual soil

temperatures from 2003 to 2006 were 10.8, 10.9, 11.5 and 11.2 oC respectively: mean annual soil

temperature over the four year period was 11.1 oC.
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Table 8: Average monthly soil temperatures (oC) at Moorepark Research Centre, Co. Cork, from
2003 to 2006 (Jim Nash, Pers. Comm.).

Month Average monthly soil temp. (oC) (at 100mm depth)
2003 2004 2005 2006 Mean

January 5.0 5.6 7.1 5.9 5.9
February 5.2 5.8 5.8 5.3 5.5
March 7.2 6.5 7.8 6.1 7.0
April 9.8 9.5 9.5 9.4 9.6
May 12.0 12.7 12.6 12.8 12.5
June 16.0 15.9 16.8 16.7 16.3
July 16.9 15.9 17.9 18.4 17.3
August 17.5 17.0 17.2 16.6 17.1
September 14.6 15.3 15.5 15.7 15.2
October 10.7 10.4 12.6 12.5 11.5
November 8.4 9.4 8.7 7.8 8.6
December 6.8 7.6 7.0 6.8 7.0
Mean 10.8 10.9 11.5 11.2 11.1

4.2 Grass Growth

For the majority of 2006, weekly grass dry matter (DM) growth rates were lower than the rates

recorded for the corresponding weeks of previous study years (Figure 5). These differences were

greatest during the summer period. Spring growth rates were highest in 2003.
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Figure 5: Mean weekly grass growth (kg DM/day) recorded at Teagasc, Moorepark, Co.Cork,
2003 to 2006.
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4.3 Farm System Characteristics

4.3.1 Farm Area

Individual farm areas ranged from 24.92 to 130.31 ha during the study period (Table 9). Overall,

the mean farm area did not change significantly during the study. The farm area of twelve farms

remained unchanged during the study period. However, noteworthy decreases in farm area were

observed on farms 6, 8, and 15, while increases were observed on the remaining six farms. The

largest increases in farm area were observed on farm 3 (23 %) and farm 19 (26 %).

Table 9: Farm areas 2003 to 2006 (ha)
Farm area (ha)

Farm 2003 2004 2005 2006 Mean
1 24.92 27.41 31.46 27.62 27.85
2 57.43 57.43 57.43 57.43 57.43
3 38.40 38.40 38.40 47.30 40.63
4 55.28 55.28 55.28 55.28 55.28
5 81.58 81.58 81.58 81.58 81.58
6 86.17 72.30 65.83 65.83 72.53
7 70.62 70.62 70.62 70.62 70.62
8 110.00 130.31 99.00 99.00 109.58
9 61.67 63.72 64.04 64.04 63.37
10 64.00 66.72 66.72 74.00 67.86
11 43.38 43.38 43.38 43.38 43.38
12 61.12 61.12 61.12 64.05 61.85
13 70.30 70.30 70.30 70.30 70.30
14 50.05 50.05 50.05 50.05 50.05
15 79.00 83.70 83.70 69.41 78.95
16 78.85 78.85 78.85 78.85 78.85
17 57.16 57.16 57.16 57.16 57.16
18 44.90 44.90 44.90 44.90 44.90
19 26.08 26.08 29.31 33.05 28.63
20 47.70 47.70 47.70 47.70 47.70
21 37.17 37.17 37.17 37.17 37.17
Mean 59.32 60.20 58.76 58.99 59.32

Level of Significance (P-value) s.e.m.
Year NS 0.984

4.3.2 Stock Numbers

The mean stocking rate on the farms during the study period was 202 kg org. N/ha (Table 10).

Significant (P < 0.001) differences were observed between the mean stocking rates of the

individual farms, ranging from 162 kg org. N/ha on farm 7 to 246 kg org. N/ha on farm 19.

Stocking rates increased by greater than 5 % on eight of the farms during the study period. There

was little, or no change observed in stocking rates on six of the farms, while the stocking rates
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declined by at least 5 % on the remaining seven farms. The largest increases in stocking rates

were observed on farms 1 (22%), 4 (40%) and 6 (24%), while the largest decreases were

observed on farms 3 (32%), 13 (22%) and 17 (22%).

The mean number of dairy cows present on the farms during the study period was 89, ranging

between 45 and 183 cows in 2003, while between 44 and 190 cows were present in 2006 (Table

10). The mean number of dairy cows increased significantly (P < 0.001) from 85 cows in 2003 to

93 cows in 2006. Increases of more than five cows were observed on eleven of the farms, with

slight decreases in cow numbers observed on five farms. The largest decrease in cow numbers

was observed on farm 3, with a 14 % decrease (14 cows) occurring over the study period. The

largest increase in cow numbers was observed on farm 16 (39 cows), although farm 12 showed

the largest proportional increase in cow numbers (21 cows, 37 %). However, the total stocking

rates on farms 12 and 16 did not increase during the study period, as increases in dairy cow

numbers were offset by decreases in the numbers of other stock (Table 10), particularly beef

animals, on these farms.
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Table 10: Stocking rate (kg N/ha), number of dairy cows, and other stock (Livestock Units) present on the pilot farms, 2003 to 2006.
Stocking Rate (kg organic N/ha) Number of dairy cows/farm Other Stock (LU/farm)

Farm 2003 2004 2005 2006 Mean 2003 2004 2005 2006 Mean 2003 2004 2005 2006 Mean
1 197 211 213 241 216 45 46 51 44 47 13 22 28 34 24
2 211 200 208 218 209 73 73 75 75 74 69 62 66 72 67
3 271 254 251 184 240 100 101 100 86 97 22 14 13 17 17
4 168 192 206 235 201 62 63 66 70 65 47 62 68 83 65
5 166 164 175 174 170 120 119 124 128 123 39 39 44 39 40
6 188 200 220 233 210 107 107 129 137 120 83 63 41 44 58
7 163 159 161 166 162 79 78 77 85 80 56 54 57 53 55
8 205 153 195 204 189 183 182 178 190 183 82 53 49 48 58
9 174 173 180 187 178 96 96 100 100 98 30 33 35 41 35
10 233 206 222 196 214 84 83 83 87 84 91 79 91 84 86
11 203 166 186 219 194 71 72 73 72 72 33 13 22 40 27
12 197 200 235 196 207 56 66 77 77 69 86 78 92 71 81
13 193 179 162 151 171 81 81 79 82 81 79 67 55 43 61
14 229 245 248 245 242 102 102 100 127 108 33 42 46 17 35
15 215 192 212 249 217 112 112 122 118 116 88 77 86 85 84
16 198 162 165 187 178 111 111 121 150 123 73 39 32 23 42
17 224 194 194 175 197 60 61 64 55 60 91 70 67 62 72
18 243 220 230 226 230 81 81 91 90 86 47 35 30 29 36
19 250 254 239 241 246 56 57 59 54 57 21 21 24 40 26
20 162 158 161 172 163 49 50 67 66 58 42 39 24 30 34
21 230 206 190 204 208 61 62 56 58 59 40 28 27 31 32
Mean 206 195 203 205 202 85 86 90 93 89 53 46 46 48 49

P-value s.e.m. P-value s.e.m. P-value s.e.m.
Farm < 0.001 9.0 < 0.001 3.3 < 0.001 5.3
Year NS 3.9 < 0.001 1.4 < 0.05 2.3
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4.3.3 Milk Production

The volume of milk supplied from the individual farms ranged between 228,724 litre (farm 1,

2003) and 867,194 litre (farm 8, 2003) (Table 11). Overall, increases in production were observed

on sixteen farms, with a significant (P < 0.001) increase in the mean volume of milk supplied

from the twenty-one farms evident between 2003 and 2006.

The mean protein content of milk supplied from the farms ranged between 32.8 and 35.5 g/kg,

with no significant change observed over the study period (Table 11). However, an increase (P <

0.001) in butterfat content was evident, increasing from 38.0 g/kg in 2003 to 39.1 g/kg in 2005,

and 38.7 g/kg in 2006 (Table 11). During the study period milk butterfat ranged from 36.1 to 40.7

g/kg between individual farms (P < 0.001).
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Table 11: Volume of milk sold (litres), milk protein content (g/kg) and milk butterfat content (g/kg), 2003 to 2006.
Volume of milk sold (litres/year) Milk Protein (g/kg) Milk Butterfat (g/kg)

Farm 2003 2004 2005 2006 Mean 2003 2004 2005 2006 Mean 2003 2004 2005 2006 Mean
1 228,724 257,498 262,316 249,767 249,576 34.7 34.3 34.0 33.9 34.2 39.0 40.1 40.1 39.7 39.7
2 376,893 387,994 365,985 409,102 384,994 34.1 34.5 34.4 34.3 34.3 38.5 38.1 37.7 37.6 38.0
3 486,803 462,095 479,102 462,510 472,628 33.1 34.3 33.9 33.5 33.7 38.1 38.1 38.0 37.8 38.0
4 305,128 307,924 307,294 317,213 309,390 34.7 34.2 34.4 34.1 34.4 38.2 37.5 37.9 37.9 37.9
5 712,054 654,552 665,913 729,948 690,617 33.7 34.0 33.6 33.9 33.8 37.4 38.2 38.4 38.3 38.1
6 673,827 632,723 653,211 781,762 685,381 33.9 34.4 34.1 34.2 34.2 38.1 39.4 40.4 40.7 39.7
7 410,772 411,154 380,349 479,611 420,472 33.0 33.4 33.0 33.7 33.3 36.1 36.4 37.7 37.7 37.0
8 867,194 862,857 670,108 859,429 814,897 33.9 34.5 35.5 33.5 34.4 38.2 38.3 39.8 38.1 38.6
9 465,698 486,436 457,226 488,628 474,497 33.9 34.1 33.7 33.5 33.8 37.5 37.9 37.5 38.3 37.8
10 454,736 373,728 393,464 502,119 431,012 34.9 35.3 34.3 34.5 34.8 37.6 39.5 40.3 38.7 39.0
11 451,414 326,718 387,925 369,850 383,977 35.0 35.3 34.9 35.2 35.1 39.1 39.3 41.3 40.1 40.0
12 317,795 315,026 331,861 383,566 337,062 34.0 33.8 34.1 34.4 34.1 37.9 37.8 38.3 38.1 38.0
13 405,531 393,487 381,509 430,685 402,803 32.8 33.3 33.3 32.9 33.1 37.3 37.4 37.7 37.2 37.4
14 554,836 539,434 525,574 584,030 550,969 33.8 34.7 34.5 34.0 34.3 38.1 40.6 41.1 39.4 39.8
15 446,672 500,610 465,402 480,747 473,358 33.6 33.3 32.8 33.1 33.2 38.2 38.7 39.7 38.9 38.9
16 618,126 595,159 553,987 614,317 595,397 34.5 34.8 34.7 35.0 34.8 39.2 40.7 40.4 40.6 40.2
17 307,184 286,926 321,345 350,653 316,527 34.6 34.9 34.2 34.3 34.5 38.2 38.9 39.6 37.7 38.6
18 474,851 460,758 464,006 536,631 484,062 34.4 34.7 34.7 35.1 34.7 38.4 38.4 39.0 39.2 38.8
19 309,983 302,866 338,392 331,324 320,641 33.8 34.1 33.7 34.1 33.9 37.9 39.3 39.7 39.5 39.1
20 310,211 324,245 318,337 336,224 322,254 33.6 33.5 33.5 33.5 33.5 37.4 37.4 38.7 37.9 37.9
21 389,767 370,263 341,428 325,865 356,831 34.1 34.2 34.1 34.3 34.2 37.6 38.8 38.6 39.2 38.6
Mean 455,629 440,593 431,654 477,332 451,302 34.0 34.3 34.1 34.1 34.1 38.0 38.6 39.1 38.7 38.6

P-value s.e.m. P-value s.e.m. P-value s.e.m.
Farm < 0.001 16,660.1 < 0.001 0.16 < 0.001 0.28
Year < 0.001 7,271.0 NS 0.07 < 0.001 0.12
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4.3.4 Concentrate Usage

Concentrate usage on the farms ranged between 200 kg concentrate/cow (Farm 7, 2004) and 1470

kg concentrate/cow (Farm 1, 2006). Mean usage of concentrate in 2006 was significantly greater

(P < 0.001) than the mean usage in other years (Table 12).

Table 12: Annual concentrate usage from 2003 to 2006 (kg concentrate/cow)
Concentrate fed (kg concentrate/cow)

Farm 2003 2004 2005 2006 Mean
1 1040 955 720 1470 1046
2 780 630 605 678 673
3 1330 1170 860 1048 1102
4 560 415 500 790 566
5 755 770 710 883 780
6 700 820 550 990 765
7 585 200 455 940 545
8 625 330 580 840 594
9 410 350 298 526 396
10 1000 495 641 962 775
11 800 210 590 540 535
12 645 605 439 549 560
13 410 295 265 446 354
14 590 570 365 690 554
15 490 290 465 560 451
16 450 255 300 420 356
17 700 430 580 1160 718
18 475 280 205 710 418
19 745 815 949 1185 924
20 425 710 587 667 597
21 655 505 750 915 706
Mean 675 529 544 808 639

Level of Significance (P-value) s.e.m.
Farm < 0.001 71.5
Year < 0.001 31.2

4.4 Fertiliser Usage

4.4.1 Number of Days on which Fertiliser was Applied

A large decrease in the number of days on which fertiliser was applied in each year was observed

on eighteen of the twenty-one farms between 2004 and 2006 (Table 13). The mean number of

days per year on which fertiliser was applied decreased significantly (P < 0.001) from 48 days in

2004 to 29 days in 2006. There was little or no change observed on farms 8 and 14, while an

increase of 20 days was observed on farm 16. The maximum number of days in a year on which

fertiliser was applied on an individual farm was 86 (farm 11, 2003), while the lowest number of
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days was observed on farm 13 in 2006, where fertiliser was applied on 9 days. The largest

decrease was observed on farm 5, where the number of days on which fertiliser was applied

decreased from 66 to 17 days.

Table 13: Number of days on which fertiliser N was applied, 2004 to 2006.
Number of Days

Farm 2004 2005 2006 Mean Change (%)
1 36 33 17 29 -52
2 78 61 60 66 -23
3 60 50 39 50 -35
4 53 45 31 43 -42
5 66 32 17 38 -74
6 47 38 28 38 -40
7 45 43 29 39 -36
8 10 10 10 10 0
9 63 43 43 50 -32
10 65 48 43 52 -34
11 86 70 23 60 -73
12 28 25 16 23 -43
13 34 11 9 18 -74
14 44 41 43 43 -2
15 50 25 29 35 -42
16 31 34 51 39 +65
17 31 22 10 21 -68
18 41 30 19 30 -54
19 66 39 41 49 -38
20 18 19 12 16 -33
21 61 59 30 50 -51
Mean 48 37 29 38 -39.6

P-value s.e.m.
Farm < 0.001 5.5
Year < 0.001 2.1

4.4.2 Nitrogen Fertiliser Usage

Annual fertiliser N applications ranged from 107 kg N/ha/yr (Farm 20, 2005) to 389 kg N/ha/yr

(Farm 3, 2005) during the study period (Table 14). Decreases of greater than 5% in annual N

application rates were observed on fifteen farms, with the largest decreases in N usage observed

on farms 7 (48 %), 17 (47 %), and 20 (46 %). Increases of greater than 5% were observed only on

farms 6 and 16. The remaining four farms (farms 5, 8, 12, 13) showed changes of less than 5 % in

fertiliser N usage between 2003 and 2006. Overall, mean fertiliser N usage decreased

significantly (P < 0.001) from 266 to 223 kg N/ha/yr between 2003 and 2006.
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Table 14: Annual fertiliser N applications (kg N/ha/yr), rate of fertiliser applied in the first
annual N application (kg N/ha), and the rate of fertiliser N applied for the production of first cut
silage (kg N/ha).

Annual Fertiliser N Application
(kg N/ha/yr)

First Annual N
Application
(kg N/ha)

First Cut Silage N Rate
(kg N/ha)

Far
m

200
3

200
4

200
5

200
6

Mea
n

200
4

200
5

200
6

Mea
n

200
4

200
5 2006 Mea

n
1 267 256 270 253 262 61.6 40.6 37.0 46.4 106 100 111 106
2 287 258 249 256 263 56.6 44.3 46.7 49.2 98 98 99 98
3 328 287 389 268 318 53.2 41.1 25.5 39.9 125 90 114 110
4 296 254 215 236 250 56.6 42.9 37.0 45.5 80 99 80 86
5 271 270 268 263 268 33.8 34.0 33.3 33.7 100 105 99 101
6 270 243 313 308 284 56.6 30.9 37.0 41.5 89 115 80 95
7 273 198 175 141 197 46.8 37.5 37.0 40.4 89 103 94 95
8 142 129 170 140 145 44.8 0.0 0.0 14.9 66 100 57 74
9 280 243 231 231 246 50.6 30.6 34.6 38.6 106 111 106 108
10 306 280 273 252 278 61.5 31.5 31.5 41.5 115 100 86 100
11 263 221 268 212 241 0.0 68.0 28.4 32.1 118 133 108 120
12 266 231 287 265 262 28.7 34.5 42.6 35.3 99 85 101 95
13 140 201 115 141 149 43.8 28.4 33.4 35.2 118 89 98 102
14 315 325 317 274 308 70.9 39.5 28.4 46.3 125 133 93 117
15 256 204 189 211 215 49.4 28.4 28.4 35.4 113 118 116 116
16 204 147 137 216 176 39.5 25.1 31.6 32.1 115 100 76 97
17 244 200 169 128 185 51.5 46.7 29.6 42.6 130 124 92 115
18 308 206 215 245 244 46.1 34.0 28.4 36.2 119 119 86 108
19 325 301 281 248 289 61.0 38.9 40.2 46.7 87 67 108 87
20 202 139 107 109 139 56.6 31.2 37.0 41.6 113 128 107 116
21 337 311 237 283 292 56.6 29.0 50.7 45.4 118 121 105 115
Mea
n 266 234 232 223 239 48.9 35.1 33.3 39.1 106 107 96 103

P-value s.e.m. P-value s.e.
m P-value

s.e.m
.

Far
m < 0.001 14.5 NS 7.06 < 0.05 7.7
Year < 0.001 6.5 < 0.001 2.67 < 0.05 2.9

A positive linear relationship (R2 = 0.37, P < 0.001) was found between the stocking rates and the

annual fertiliser N applications on the individual farms over the study period (Fig. 6). However,

substantial variations in the rates of N applied on farms with similar stocking rates were evident.

For example, farms 5 and 13 were both stocked at approximately 170 kg org. N/ha during the

study (Table 11). However, the mean rate of N applied on farm 5 during the study period was 268

kg N/ha/yr, while only 149 kg N/ha/yr was applied, on average, on farm 13 during the study

period (Table 14).
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Figure 6: The relationship between stocking rates and annual fertiliser N applications on the
pilot farms over the study period.

The rate of fertiliser N applied in the first application each year, as defined in section 3.4.3,

ranged between 0.0 and 70.9 kg N/ha during the study period (Table 14). The maximum rate

applied on an individual farm was 70.9 kg N/ha in 2004 (farm 14), and 50.7 kg N/ha in 2006

(farm 21). Overall, the mean rate of fertiliser N applied in the first application declined

significantly (P < 0.001) from 48.9 to 33.3 kg N/ha between 2004 and 2006, a 32 % decrease.

Decreases in the rate of N applied as the first application were observed on nineteen of the

twenty-one farms, with the largest decrease occurring on farm 14 (from 70.9 kg N/ha in 2004 to

28.4 kg N/ha in 2006). An increase was observed on farm 12, while the rate of fertiliser applied

in the first application on farm 5 showed little change between 2004 and 2006. However, a

relatively low rate of fertiliser N was applied in the first application on this farm in 2004. Large

quantities of pig slurry were applied on farm 8 instead of fertiliser N in the early spring periods of

2005 and 2006.

A 9 % decrease (P < 0.05) in the mean rate of fertiliser N applied for the production of first cut

silage was observed between 2004 and 2006 (from 106 to 96 kg N/ha). Application rates for first

cut silage production on individual farms in individual years ranged between 57 and 133 kg N/ha

during the study period. In 2004, rates of 100 kg N/ha, or greater, were applied for the production

of first cut silage on fourteen farms. However, in 2006, the number of farms applying rates

exceeding this level declined to nine. Small (<5%) changes in the rates of N applied for the

production of first cut silage each year were observed on six farms, while larger increases (>5%)

in the rates of N applied for first cut silage production were observed on farms 1, 7, and 19.

Decreases (>5%) in the rates applied were observed on the remaining twelve farms. The largest
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decrease was observed on farm 16, where the rate applied decreased by 34 % from 115 kg N/ha

in 2004 to 76 kg N/ha in 2006.

Table 15: Types of N fertiliser used on the study farms in 2006.
Farm Urea CAN Compounds

% of total N used
1 52.1 47.9 0.0
2 18.3 3.8 77.9
3 0.0 49.5 50.5
4 55.4 44.6 0.0
5 43.1 34.3 22.6
6 0.0 100.0 0.0
7 50.8 49.2 0.0
8 84.5 15.5 0.0
9 35.2 26.1 38.7
10 12.9 69.3 17.8
11 9.6 0.0 90.4
12 35.5 43.3 21.2
13 6.9 24.6 68.5
14 51.1 48.9 0.0
15 46.0 26.6 27.4
16 49.7 0.0 50.3
17 0.0 88.5 11.5
18 42.3 27.6 30.1
19 0.0 82.1 17.9
20 85.5 14.5 0.0
21 46.0 3.2 50.8
Mean 34.5 38.1 27.4
s.d. 26.4 29.0 28.0

Urea and Calcium Ammonium Nitrate (CAN) were the most commonly used forms of N fertiliser

in 2006 (Table 15), accounting for 34.5 and 38.1 % of total N applied as fertiliser, respectively.

Compound fertilisers of N, P, and K, such as 27:2.5:5 and 24:2.5:10, accounted for 27.4 %.

Compound fertilisers were not applied on seven (33 %) of the farms, but accounted for over 90 %

of the fertiliser N applied on farm 11. Approximately 95 % of the total urea used was applied

before the end of May, with the remainder applied in late August and early September. No urea

was applied on farms 3, 6, 17, or 19 in 2006.
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4.4.3 Phosphorus Fertiliser

Table 16: Annual fertiliser P usage between 2003 and 2006 (kg P/ha/yr).
Total fertiliser P applied (kg P/ha)

Farm 2003 2004 2005 2006 Mean
1 8.0 1.4 0.5 0.0 2.5
2 30.0 28.7 23.1 19.5 25.3
3 15.0 14.1 1.2 35.1 16.4
4 0.0 7.1 0.0 0.0 1.8
5 21.0 6.0 0.0 5.7 8.2
6 13.0 15.6 9.5 6.4 11.1
7 0.0 0.0 0.0 0.0 0.0
8 0.0 0.5 0.0 0.0 0.1
9 30.0 28.9 24.1 24.6 26.9
10 29.0 23.2 8.7 5.6 16.6
11 16.0 25.7 24.9 18.6 21.3
12 12.0 10.0 19.6 13.4 13.8
13 16.0 17.9 6.2 11.2 12.8
14 11.0 10.6 16.9 0.0 9.6
15 5.0 5.0 10.1 7.1 6.8
16 18.0 4.0 3.7 10.7 9.1
17 3.0 5.4 5.8 1.5 3.9
18 4.0 2.2 9.2 7.1 5.6
19 4.0 6.1 4.6 4.5 4.8
20 4.0 0.0 3.1 2.9 2.5
21 12.0 11.7 24.7 13.9 15.6
Mean 12.0 10.7 9.3 8.9 10.2

Level of Significance (P-value) s.e.m.
Farm < 0.001 2.88
Year NS 1.25

The mean annual application rate of fertiliser P decreased from 12.0 to 8.9 kg P/ha/yr during the

study period, although this decrease was not significant (Table 16). However, significant

differences (P < 0.001) in the mean application rates of P were observed between farms, while a

high year to year variation in P usage was observed on many of the farms. Annual application

rates ranged between 0.0 and 35.1 kg P/ha/yr during the study period, with little, or no, fertiliser P

applied on farms 7 and 8. The highest mean rates of fertiliser P were applied on farms 2, 9, and

11, with greater than 20 kg P/ha/yr being applied on average on each of these farms during the

study period (Table 16). Fertiliser P was generally applied as N, P and K compounds such as

27:2.5:5 and 24:2.5:10.



27

4.5 Slurry Management

4.5.1 Slurry Storage Capacity

The capacities of, and requirements for, slurry storage on the studied farms in 2006 are presented

in Table 17. Under SI 378, twenty of the farms are located in ‘Zone A’ and require 16 weeks of

storage over the winter period. Farm 18 is located in ‘Zone B’ and requires 18 weeks of storage.

Winter storage requirements ranged between 416 and 1200 m3 on individual farms, while the

percentage of required storage available on individual farms ranged between 43 and 214 %.

Existing slurry storage capacity met, or exceeded, the requirements on 38 % of the farms.

However, on 2 farms (10 %), less than half of the required storage capacity was available, while 5

farms (24 %) had between 75 and 100 % of their required capacity.

Table 17: On-farm slurry storage capacity, and requirements.
Farm Weekly

storage
requirement
(m3/week)

Required
storage
(weeks)

Winter
storage

requirement
(m3)

Available
storage

(m3)

Available
storage
(weeks)

% of
required
storage

available
1 26 16 416 186 7 45
2 43 16 688 424 10 61
3 35 16 560 1206 34 214
4 51 16 816 354 7 43
5 52 16 832 504 10 61
6 56 16 896 843 15 93
7 35 16 560 562 16 100
8 75 16 1200 2498 33 209
9 44 16 704 550 13 79
10 50 16 800 741 15 93
11 34 16 544 545 16 99
12 41 16 656 755 18 115
13 38 16 608 355 9 59
14 43 16 688 830 19 120
15 70 16 1120 1463 21 131
16 56 16 896 765 14 86
17 34 16 544 927 27 170
18 37 18 666 375 10 56
19 26 16 416 225 9 54
20 30 16 480 295 10 62
21 27 16 432 650 24 149

Min 26 16 416 186 7 45
Max 75 18 1200 2498 34 209
Mean 43.0 691.5 716.9 16.0 100.0
s.d. 13.4 214.9 517.0 8.0 50.5
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4.5.2 Slurry Application

The percentage of slurry applied on the farms in the spring period ranged between 0 and 100 %

during the study period. The mean proportion of slurry applied during spring period increased

significantly (P < 0.05) from 50 to 65 % between 2004 and 2006. Over this same period,

increases in the proportions of slurry applied in spring were observed on seventeen of the farms,

with decreases evident on farms 3, 4, and 8. Overall, there was no change observed on farm 2,

although less slurry was applied on this farm in the spring period of 2005 than in the other of the

years studied. On farms 6, 13, and 19 in 2006, all the slurry was applied during the spring period.

Table 18: The proportion of slurry applied in spring, May/June, and after June.
% of slurry applied

Spring May/June After June
Far
m

200
4

200
5

200
6

Mea
n

200
4

200
5

200
6

Mea
n

200
4

200
5

200
6

Mean

1 79 45 86 70 21 55 14 30 0 0 0 0
2 65 44 65 58 0 13 0 4 35 43 35 38
3 54 55 36 48 43 25 1 23 3 19 63 28
4 68 45 59 57 32 28 37 32 0 27 4 10
5 29 36 38 34 71 36 36 48 0 27 26 18
6 56 77 100 78 24 23 0 16 20 0 0 7
7 53 47 63 54 19 13 15 16 28 39 22 30
8 47 63 35 48 20 19 8 16 33 18 57 36
9 36 0 80 39 37 31 0 23 26 69 20 38
10 46 43 58 49 48 36 34 39 6 20 8 11
11 30 62 54 49 70 36 46 51 0 2 0 1
12 28 76 50 51 28 0 23 17 44 24 26 31
13 31 59 100 63 56 31 0 29 13 10 0 8
14 66 52 38 52 23 26 0 16 11 22 62 32
15 70 68 73 70 18 0 12 10 12 32 15 20
16 53 51 60 55 28 39 40 36 19 10 0 10
17 39 52 68 53 41 48 32 40 20 0 0 7
18 60 54 68 61 32 17 32 27 8 29 0 12
19 76 67 100 81 24 11 0 12 0 23 0 8
20 57 65 81 68 20 35 0 18 22 0 19 14
21 11 40 47 33 29 17 53 33 60 43 0 34
Mea
n 50 52 65 56 33 26 18 26 17 22 17 19

P-value s.e.m. P-value s.e.m. P-value s.e.m.
Far
m < 0.05 9.5 < 0.01 7.7 < 0.05 9.5

Year < 0.05 3.6 <0.05 2.9 NS 3.6

The proportion of slurry applied during May and June decreased on sixteen of the farms between

2004 and 2006 (Table 18). Increases were observed on farms 4, 16 and 21, while no change was

evident on farms 2 and 18. No slurry was applied on farm 2 during this period in 2004. However,
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in 2006, the number of farms on which no slurry was applied during May/June increased to seven

(33 % of the farms). Overall there was a significant (P < 0.05) decrease in the mean proportion of

slurry applied during May and June, from 33 % in 2004 to 18 % in 2006. The proportion of slurry

applied in May and June on individual farms ranged between 0 and 71 % during the study.

The proportion of slurry applied on the farms after the end of June each year ranged between 0

and 63 %, with no significant differences evident in the mean proportions of slurry applied during

this period each year (Table 18). No slurry was applied on farm 1 after the end of June in any of

the studied years, while the number of farms on which no slurry was applied after the end of June

increased from six (28 % of the farms) in 2004 to nine (43 % of the farms) in 2006. A large

decrease in the proportion of slurry applied after the end of June was observed on farm 21, with a

decrease from 60 % in 2004 to 0 % in 2006, while an increase from 3 to 63 % was observed on

farm 3 during the same period.

Approximately 60 % of slurry was applied to areas used for the production of first cut silage in

2006, with the remainder applied on the grazing areas, generally at the beginning and end of the

grazing season.

Slurry was spread by contractor on seven farms (although on three of these farms some slurry

was also applied by the farmers), while the remaining fourteen farms used their own slurry

equipment. Vacuum tankers were used on twenty of the farms, with an umbilical system used on

farm 3. Low trajectory splash-plates were used to distribute the slurry on the majority of the

farms. Injection was carried out on farm 14, while a band spreader was used on farm 8.

4.6 Soil pH and Nutrient Status

The mean pH of the soil samples taken during the study period (2 per farm taken each winter)

was 6.0, ranging from 5.7 (farm 19) to 6.5 (farm 18) on individual farms (Table 19).

The mean Morgan’s soil P concentration on the farms was 8.2 mg P/l, ranging from 4.2 to 17.5

mg P/l (Table 19). There was also considerable variation between individual samples, ranging

between 1.6 and 26.2 mg P/l. The largest range in Morgan’s soil P concentrations on an

individual farm was observed on farm 13, where the values ranged from 3.5 to 26.1 mg P/l. The

highest mean soil P was observed on farm 7 (17.5 mg P/l). All samples on this farm recorded
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high soil test phosphorus (STP), with 12.6 mg P/l being the lowest value recorded. The mean STP

was found to be less than 5 mg P/l (the lower limit of soil index 3) on farms 15 and 16.

Table 19: Soil pH and nutrient status of the studied farms (mean of 8 samples per farm taken
between 2003 and 2006).
Farm pH Soil P (mg/l) Soil K

Mean Min Max Mean Min Max Mean Min Max
1 5.8 5.4 6.3 9.2 5.9 11.5 153 101 274
2 6.1 5.5 6.5 10.5 6.4 16.9 148 51 237
3 5.8 5.3 6.2 9.0 3.6 14.8 137 106 166
4 5.8 5.5 6.5 10.0 4.5 26.2 113 57 234
5 6.0 5.4 6.4 8.5 5.5 12.6 105 56 156
6 6.4 5.9 6.9 7.4 3.7 11.8 111 54 166
7 6.0 5.6 6.4 17.5 12.6 25.7 163 59 303
8 5.9 5.4 6.5 6.9 2.9 10.5 111 47 169
9 6.1 5.4 6.8 10.2 4.1 26.0 108 46 181
10 6.0 5.5 6.4 8.3 4.1 13.7 209 62 299
11 6.1 5.7 6.5 9.9 4.2 19.6 175 65 299
12 6.2 5.7 7.0 5.8 2.7 13.5 128 58 169
13 6.4 5.9 7.2 10.1 3.5 26.1 120 62 187
14 5.9 5.3 6.8 7.0 3.8 9.7 90 48 135
15 6.2 6.0 6.7 4.4 3.3 5.4 107 63 165
16 5.9 5.4 6.5 4.2 1.6 8.4 84 46 135
17 6.0 5.5 6.7 7.1 4.7 10.8 156 87 268
18 6.5 6.1 6.9 6.6 2.9 13.9 107 52 243
19 5.7 5.4 6.3 7.6 4.6 12.6 157 121 205
20 5.8 4.9 6.3 6.4 2.9 13.4 135 36 173
21 5.9 5.1 6.4 5.5 4.4 8.6 129 31 248
Mean 6.0 8.2 131
s.d. 0.2 2.9 30
The recommended soil K concentration for grassland soils is between 101 and 150 mg K/l

(Coulter, 2004). Mean soil K concentration ranged from 84 to 209 mg/l, with a mean

concentration on the farms of 131 mg/l.

4.7 Farm-gate Nutrient Balances

4.7.1 Farm-gate Nitrogen Balances

Nitrogen inputs ranged between 130 and 462 kg N/ha/yr on the studied farms (Table 23).

Fertiliser N was the largest input of N to the farms, accounting for nearly 80 % of the total N

input during this study (Tables 20 to 23). Nitrogen contained in imported concentrate feed was

the second largest source of N, with imported organic matter (OM) (pig slurry) also being a

substantial source of N on some of the farms.
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The mean total input of N decreased significantly (P < 0.001) by 14 %, from 335 kg N/ha in 2003

to 288 kg N/ha in 2006. Overall, the level of N input decreased on sixteen of the farms over the

study period, while increases were observed on farms 6 and 16. Little or no change was observed

on farms 5, 12, and 13. Decreases of greater than 25 % were observed on farms 3 (115 kg N/ha),

7 (131 kg N/ha), 8 (96 kg N/ha) and 17 (100 kg N/ha).

Nitrogen outputs from the farms ranged between 41 and 85 kg N/ha during the study period, with

no significant change observed in the mean annual N output of the farms (Table 24). Nitrogen

contained in milk sold from the farms was the largest N output, accounting for 78 % of the total

N output (Tables 20 to 23). The remaining N output was accounted for by sales of calves, beef

animals, old cows, and breeding replacements, as well as the export of livestock that died on the

farms.

Nitrogen surpluses ranged between 87 kg N/ha (Farm 13, 2005) and 389 kg N/ha (Farm 7, 2003)

during the study period, with a significant (P < 0.001) decrease, from 277 to 232 kg N/ha,

observed in the mean N surplus of the farms. Nitrogen surpluses declined on seventeen (80 %) of

the twenty-one farms during the study, while increases were observed on farms 6 and 16 (Table

24). Little change was observed in the N surpluses on farms 5 and 13. The maximum surplus

observed in 2003 was 389 kg N/ha (Farm 7), while the maximum surplus observed in 2006 was

322 kg N/ha (Farm 19).

A substantial variation in the efficiency of N use was observed on the studied farms, ranging

from 10.2 to 33.9 % during the study period (Table 24). This can be attributed to a large range in

N output, obtained from a given level of N input (Fig. 7). Efficiency of N use increased on fifteen

of the farms during the study, with decreases observed on the remaining six farms. On average, N

was used least efficiently on farm 7 (12.9 %), while the most efficient usage was observed on

farms 20 (26.5%) and 13 (26.4 %). While farm 7 was the least efficient farm in each of the first

three years, efficiency of N use was improved substantially in 2006, when efficiency of N use

increased from 10.2 % in 2003 to 16.3 % in 2006 due to a large decrease in fertiliser N input.

Substantial increases in N use efficiency were also observed on farms 8 (from 15.0 to 23.4 %),

and 17 (from 17.9 to 27.7 %) due to substantial decreases in N inputs to these farms.

Positive linear relationships were found between N input and N output (R2 = 0.32, P < 0.001)

(Fig. 7), and between N inputs and N surplus (R2 = 0.98, P < 0.001) (Fig 8). A negative linear

relationship was found between N input and N use efficiency (R2 = 0.45, P < 0.001) (Fig. 9).
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Figure 7: The relationship between N input and N output on the pilot farms.

Figure 8: The relationship between N input and N surplus on the pilot farms.

Figure 9: The relationship between N input and N use efficiency on the pilot farms.
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Table 20: Farm-gate N balances, 2003 (kg N/ha/yr).
Farm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Mean

kg N/ha/yr
Inputs
Fertiliser 267 287 328 296 271 270 273 142 280 306 263 266 140 315 256 204 244 308 325 202 337 266
Concentrate 69 56 122 32 42 45 32 43 24 79 55 43 27 46 36 30 53 39 63 23 51 48
Imported
OM 73 0 0 35 0 0 128 138 0 0 0 0 0 0 11 0 0 0 67 0 0 22

Total 410 343 450 363 313 315 433 324 304 385 318 309 167 361 303 234 297 347 455 225 388 335
Outputs
Milk 47 36 68 31 47 51 31 36 40 38 59 29 31 60 29 44 30 59 65 35 58 44
Stock 13 17 14 13 8 13 13 12 10 22 12 18 17 15 17 11 23 15 15 11 14 15

Total 60 53 82 44 56 63 44 49 50 60 71 46 48 76 46 55 53 73 80 46 71 58

Surplus 350 289 368 319 258 251 389 275 254 324 247 263 119 285 257 179 244 274 375 179 317 277
Efficiency
(%) 14.6 15.6 18.2 12.1 17.8 20.2 10.2 15.0 16.5 15.7 22.4 15.0 28.5 21.0 15.1 23.5 17.9 21.1 17.6 20.4 18.3 17.9

Table 21: Farm-gate N balances, 2004 (kg N/ha/yr).
Farm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Mean

kg N/ha/yr
Inputs
Fertiliser 256 258 287 254 270 243 198 129 243 280 221 231 201 325 204 147 200 206 301 139 311 234
Concentrate 68 43 101 27 43 56 11 17 20 35 12 41 18 47 19 14 28 21 70 38 35 36
Imported
OM 56 0 0 24 0 0 118 135 0 0 0 0 0 0 11 0 0 0 69 0 0 20

Total 380 300 388 305 313 299 327 281 263 315 233 272 218 373 234 161 228 227 440 177 347 290
Outputs
Milk 52 38 67 31 44 48 31 37 42 32 43 28 30 60 32 42 28 57 64 37 55 43
Stock 12 17 10 12 9 15 13 10 8 12 12 21 8 15 11 6 13 3 13 23 8 12

Total 64 54 77 42 53 63 44 47 50 44 55 49 38 76 43 48 41 61 77 60 63 55

Surplus 316 246 311 263 260 236 282 234 213 271 178 222 181 297 191 113 187 166 363 117 283 235
Efficiency
(%) 16.9 18.1 19.8 13.9 16.9 21.1 13.6 16.6 19.0 13.9 23.6 18.2 17.2 20.3 18.4 29.9 18.1 26.7 17.5 33.9 18.3 19.6
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Table 22: Farm-gate N balances, 2005 (kg N/ha/yr).
Farm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Mean

kg N/ha/yr
Inputs
Fertiliser 270 249 389 215 268 313 175 170 231 273 268 287 115 317 189 137 169 215 281 107 237 232
Concentrate 52 43 73 35 42 41 25 38 18 48 37 35 15 31 22 17 38 16 65 28 48 37
Import OM 91 0 0 42 0 0 158 30 0 0 0 0 0 0 0 0 0 0 35 27 0 18

Total 413 291 462 292 310 354 357 238 249 321 305 322 130 347 211 154 207 231 381 162 285 287
Outputs
Milk 46 35 68 31 44 55 29 39 39 33 50 30 29 58 29 39 31 58 63 36 50 42
Stock 9 15 16 14 9 10 12 13 8 14 9 8 14 13 11 7 20 13 10 9 11 12

Total 55 50 85 45 54 64 41 52 46 46 59 38 43 71 41 46 51 71 72 45 61 54

Surplus 358 241 378 247 257 290 316 186 203 274 246 284 87 276 171 107 156 159 309 117 224 233
Efficiency
(%) 13.2 17.3 18.3 15.5 17.2 18.1 11.5 21.8 18.6 14.5 19.3 11.7 32.8 20.5 19.2 30.1 24.5 30.8 19.0 27.8 21.4 20.2

Table 23: Farm-gate N balances, 2006 (kg N/ha/yr).
Farm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Mean

kg N/ha/yr
Inputs
Fertiliser 253 256 268 236 263 308 141 140 231 252 212 265 141 274 211 216 128 245 248 109 283 223
Concentrate 78 50 67 63 52 78 53 58 33 64 40 36 23 57 31 27 69 54 97 32 63 54
Imported
OM 0 0 0 40 0 0 108 30 0 0 0 0 0 0 0 0 0 0 35 38 0 12

Total 331 307 335 338 315 386 302 228 265 316 252 301 164 331 242 243 197 299 380 179 346 288
Outputs
Milk 49 39 53 32 49 65 37 47 41 38 48 33 33 64 37 44 34 68 55 38 49 45
Stock 20 21 11 16 9 9 12 6 10 15 2 14 12 19 7 8 21 11 3 5 7 11

Total 69 60 64 48 58 74 49 53 52 52 51 47 44 83 44 52 54 79 58 43 56 57

Surplus 262 246 271 290 257 311 253 175 213 263 201 254 120 248 198 191 142 220 322 136 290 232
Efficiency
(%) 20.8 19.6 19.0 14.1 18.3 19.3 16.3 23.4 19.4 16.6 20.1 15.6 27.1 25.1 18.3 21.3 27.7 26.4 15.4 24.1 16.1 20.2



35

Table 24: Summary of annual total N inputs, outputs and surpluses (kg N/ha/yr), and efficiencies of N use on the studied farms from 2003 to 2006.
Inputs (kg N/ha/yr) Outputs (kg N/ha/yr) Surpluses (kg N/ha/yr) Efficiency (%)

Farm 2003 2004 2005 2006 Mean 2003 2004 2005 2006 Mean 2003 2004 2005 2006 Mean 2003 2004 2005 2006 Mean
1 410 380 413 331 384 60 64 55 69 62 350 316 358 262 322 14.6 16.9 13.2 20.8 16.4
2 343 300 291 307 310 53 54 50 60 54 289 246 241 246 256 15.6 18.1 17.3 19.6 17.7
3 450 388 462 335 409 82 77 85 64 77 368 311 378 271 332 18.2 19.8 18.3 19.0 18.8
4 363 305 292 338 325 44 42 45 48 45 319 263 247 290 280 12.1 13.9 15.5 14.1 13.9
5 313 313 310 315 313 56 53 54 58 55 258 260 257 257 258 17.8 16.9 17.2 18.3 17.6
6 315 299 354 386 339 63 63 64 74 66 251 236 290 311 272 20.2 21.1 18.1 19.3 19.7
7 433 327 357 302 355 44 44 41 49 45 389 282 316 253 310 10.2 13.6 11.5 16.3 12.9
8 324 281 238 228 268 49 47 52 53 50 275 234 186 175 218 15.0 16.6 21.8 23.4 19.2
9 304 263 249 265 270 50 50 46 52 50 254 213 203 213 221 16.5 19.0 18.6 19.4 18.4
10 385 315 321 316 334 60 44 46 52 51 324 271 274 263 283 15.7 13.9 14.5 16.6 15.2
11 318 233 305 252 277 71 55 59 51 59 247 178 246 201 218 22.4 23.6 19.3 20.1 21.4
12 309 272 322 301 301 46 49 38 47 45 263 222 284 254 256 15.0 18.2 11.7 15.6 15.1
13 167 218 130 164 170 48 38 43 44 43 119 181 87 120 127 28.5 17.2 32.8 27.1 26.4
14 361 373 347 331 353 76 76 71 83 77 285 297 276 248 277 21.0 20.3 20.5 25.1 21.7
15 303 234 211 242 248 46 43 41 44 44 257 191 171 198 204 15.1 18.4 19.2 18.3 17.8
16 234 161 154 243 198 55 48 46 52 50 179 113 107 191 148 23.5 29.9 30.1 21.3 26.2
17 297 228 207 197 232 53 41 51 54 50 244 187 156 142 182 17.9 18.1 24.5 27.7 22.1
18 347 227 231 299 276 73 61 71 79 71 274 166 159 220 205 21.1 26.7 30.8 26.4 26.3
19 455 440 381 380 414 80 77 72 58 72 375 363 309 322 342 17.6 17.5 19.0 15.4 17.4
20 225 177 162 179 186 46 60 45 43 49 179 117 117 136 137 20.4 33.9 27.8 24.1 26.6
21 388 347 285 346 342 71 63 61 56 63 317 283 224 290 279 18.3 18.3 21.4 16.1 18.5
Mean 335 290 287 288 300 58 55 54 57 56 277 235 233 232 244 17.9 19.6 20.2 20.2 19.5

P-value s.e.m. P-value s.e.m. P-value s.e.m. P-value s.e.m.
Farm < 0.001 15.9 < 0.001 2.8 < 0.001 15.5 < 0.001 1.52
Year < 0.001 6.9 NS 1.2 < 0.001 6.8 NS 0.66
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4.7.2 Farm-gate Phosphorus Balances

The input of P to the studied farms ranged between 5.8 and 46.7 kg P/ha/yr between 2003 and

2006 (Table 25). The mean input of P to the farms was 21.6 kg P/ha/yr. Fertiliser P accounted for

47 % of mean P input during the study, while P contained in concentrate feed purchased

accounted for 35 % (Tables 26 to 29). The remainder of P input was due to the importation of pig

slurry, although this only occurred on 7 farms during the study. While fertiliser P was the largest

source of P input during the study, a greater level of P was imported in concentrate feed than as

fertiliser in 2006 (Table 29). The lowest average level of P input over the study period was

observed on farm 20 (10.8 kg P/ha/yr), while the largest mean P input was observed on farm 2

(33.6 kg P/ha/yr) (Table 25).

Phosphorus output from the farms ranged between 5.0 and 18.6 kg P/ha/yr during the study

period, with the mean output of P declining (P < 0.05) from 13.2 kg P/ha/yr in 2003 to 12.1 kg

P/ha/yr in 2006 (Table 25). The greatest export of P from the farms was due to the sale of milk,

accounting for 60 % of total P output, with the remainder accounted for by the sale and deaths of

livestock (Tables 26 to 29).

The mean P surplus on the farms decreased (although not significantly) from 11.2 to 9.2 kg

P/ha/yr between 2003 and 2006, with the mean export of P during the study being 9.4 kg P/ha/yr

(Table 25). Phosphorus surpluses ranged between -9.4 and 33.2 kg P/ha during the study period.

Phosphorus deficits were observed on nine of the farms in at least one of the studied years, while

a P deficit, or an extremely small P surplus, was observed on farms 17 and 18 in all of the study

years. On average, the mean P surpluses over the study period were negative on farms 17, 18 and

20. The largest mean surpluses over the study period were observed on farms 7 (22.2 kg P/ha/yr)

and 8 (21.8 kg P/ha/yr), with mean surpluses exceeding 20 kg P/ha/yr also observed on farms 2

and 9.

The efficiency of P use observed on the farms during the study period ranged from 14.9 to 242.4

%. The least efficient use of P over the study period was evident on farm 7 (23.7 %), while the

most efficient use of P was observed on farm 17 (137.3 %).
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Table 25: Summary of annual total phosphorus inputs, outputs, surpluses (kg P/ha/yr) and efficiencies of phosphorus use on the studied farms from
2003 to 2006.

Inputs (kg P/ha/yr) Outputs (kg P/ha/yr) Surpluses (kg P/ha/yr) Efficiencies (%)
Farm 2003 2004 2005 2006 Mean 2003 2004 2005 2006 Mean 2003 2004 2005 2006 Mean 2003 2004 2005 2006 Mean
1 33.7 23.6 26.5 13.5 24.3 13.0 13.8 11.4 16.5 13.7 20.7 9.9 15.1 -3.0 10.7 38.5 58.3 43.1 122.3 65.6
2 39.7 36.1 30.5 28.2 33.6 13.0 13.2 12.1 15.2 13.4 26.7 22.8 18.4 13.0 20.2 32.8 36.7 39.8 53.9 40.8
3 36.2 31.6 13.9 46.7 32.1 17.3 15.3 18.2 13.5 16.1 18.9 16.4 -4.3 33.2 16.1 47.7 48.3 131.2 28.9 64.0
4 12.1 16.2 13.9 18.3 15.1 10.4 10.1 11.1 12.0 10.9 1.7 6.2 2.8 6.3 4.3 85.6 62.0 80.0 65.8 73.4
5 28.4 13.5 7.3 14.7 16.0 11.3 11.1 11.3 11.8 11.4 17.0 2.3 -4.0 2.9 4.6 40.0 82.7 154.8 80.4 89.5
6 20.7 25.2 16.6 20.0 20.6 13.6 14.2 13.0 14.6 13.9 7.1 11.1 3.6 5.4 6.8 65.5 56.1 78.6 73.1 68.3
7 29.4 23.7 33.6 29.3 29.0 10.5 5.4 5.0 6.3 6.8 18.9 18.3 28.6 23.1 22.2 35.8 22.7 14.9 21.5 23.7
8 33.2 28.5 35.8 33.0 32.6 11.0 10.1 11.6 10.5 10.8 22.3 18.4 24.2 22.5 21.9 33.0 35.5 32.5 31.9 33.2
9 34.2 32.5 27.3 30.4 31.1 10.8 10.3 9.7 11.3 10.5 23.4 22.2 17.6 19.1 20.6 31.5 31.8 35.4 37.1 34.0
10 42.7 29.2 17.1 16.7 26.4 15.2 10.1 11.2 12.4 12.2 27.5 19.1 5.9 4.3 14.2 35.6 34.7 65.6 74.4 52.6
11 25.6 27.7 31.3 25.5 27.5 14.5 11.8 11.8 8.9 11.8 11.0 15.9 19.5 16.6 15.8 56.9 42.7 37.7 34.8 43.0
12 19.5 17.1 25.7 19.7 20.5 12.3 13.7 8.4 11.2 11.4 7.2 3.5 17.4 8.5 9.2 63.0 79.8 32.5 56.9 58.1
13 20.7 21.0 8.7 15.1 16.4 12.2 8.4 10.6 10.6 10.5 8.5 12.7 -1.9 4.5 6.0 59.0 39.7 122.0 70.2 72.7
14 18.9 18.8 22.3 9.9 17.5 16.4 16.3 15.0 18.6 16.6 2.6 2.5 7.3 -8.7 0.9 86.4 86.5 67.2 187.4 106.9
15 15.3 10.3 14.0 12.5 13.0 11.7 10.0 9.8 9.5 10.3 3.5 0.3 4.2 3.1 2.8 76.8 97.0 70.1 75.6 79.9
16 23.2 6.4 6.7 15.3 12.9 11.7 9.3 9.3 10.4 10.2 11.5 -2.9 -2.6 4.9 2.7 50.4 145.2 139.4 68.1 100.8
17 12.2 10.3 12.4 13.4 12.1 14.3 10.1 13.4 14.2 13.0 -2.1 0.2 -0.9 -0.8 -0.9 117.1 97.8 107.5 106.0 107.1
18 10.8 5.8 12.0 16.6 11.3 15.5 10.8 15.0 15.6 14.2 -4.7 -5.0 -3.0 0.9 -3.0 143.7 186.1 124.8 94.3 137.2
19 26.6 31.2 22.6 27.9 27.1 17.0 16.0 14.7 10.6 14.6 9.6 15.2 7.9 17.3 12.5 63.9 51.4 65.0 37.9 54.6
20 8.1 6.6 13.0 15.4 10.8 10.3 16.0 9.8 8.6 11.2 -2.2 -9.4 3.1 6.9 -0.4 127.3 242.4 76.0 55.4 125.3
21 20.9 17.8 33.1 24.9 24.2 15.0 12.6 12.9 11.1 12.9 5.8 5.2 20.2 13.8 11.3 72.1 71.0 39.0 44.8 56.7
Mean 24.4 20.6 20.2 21.3 21.6 13.2 11.8 11.7 12.1 12.2 11.2 8.8 8.5 9.2 9.4 64.9 76.6 74.1 67.7 70.8

P–value s.e.m. P–value s.e.m. P–value s.e.m. P–value s.e.m.
Farm < 0.001 3.04 < 0.001 0.88 < 0.001 3.37 < 0.001 16.67
Year NS 1.33 < 0.05 0.38 NS 1.47 NS 7.28
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Table 26: Farm-gate P balances, 2003 (kg P/ha/yr).
Farm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Mean

kg P/ha/yr
Inputs
Fertiliser 8.0 30.0 15.0 0.0 21.0 13.0 0.0 0.0 30.0 29.0 16.0 12.0 16.0 11.0 5.0 18.0 3.0 4.0 4.0 4.0 12.0 12.0
Concentrate 12.1 9.7 21.2 5.5 7.4 7.7 5.6 7.5 4.2 13.7 9.6 7.5 4.7 7.9 6.2 5.2 9.2 6.8 11.0 4.1 8.9 8.4
OM imports 13.7 0.0 0.0 6.6 0.0 0.0 23.8 25.7 0.0 0.0 0.0 0.0 0.0 0.0 4.1 0.0 0.0 0.0 11.7 0.0 0.0 4.1

Total 33.7 39.7 36.2 12.1 28.4 20.7 29.4 33.2 34.2 42.7 25.6 19.5 20.7 18.9 15.3 23.2 12.2 10.8 26.6 8.1 20.9 24.4
Outputs
Milk 7.7 6.1 11.8 5.1 8.1 8.6 5.4 6.2 6.8 6.3 9.6 4.8 5.3 10.3 4.9 7.3 5.0 9.8 11.0 6.0 9.7 7.4
Stock 5.3 6.9 5.5 5.2 3.2 4.9 5.1 4.8 4.0 8.9 4.9 7.5 6.8 6.1 6.8 4.5 9.3 5.7 6.0 4.2 5.3 5.8

Total 13.0 13.0 17.3 10.4 11.3 13.6 10.5 11.0 10.8 15.2 14.5 12.3 12.2 16.4 11.7 11.7 14.3 15.5 17.0 10.3 15.0 13.2

Surplus 20.7 26.7 18.9 1.7 17.0 7.1 18.9 22.3 23.4 27.5 11.0 7.2 8.5 2.6 3.5 11.5 -2.1 -4.7 9.6 -2.2 5.8 11.2
Efficiency(%) 38.5 32.8 47.7 85.6 40.0 65.5 35.8 33.0 31.5 35.6 56.9 63.0 59.0 86.4 76.8 50.4 117.1 143.7 63.9 127.3 72.1 64.9

Table 27: Farm-gate P balances, 2004 (kg P/ha/yr).
Farm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Mean

kg P/ha/yr
Inputs
Fertiliser 1.4 28.7 14.1 7.1 6.0 15.6 0.0 0.5 28.9 23.2 25.7 10.0 17.9 10.6 5.0 4.0 5.4 2.2 6.1 0.0 11.7 10.7
Concentrate 11.9 7.4 17.5 4.7 7.4 9.6 1.9 3.0 3.6 6.0 2.0 7.1 3.1 8.2 3.3 2.4 4.9 3.6 12.2 6.6 6.1 6.3
OM Imports 10.3 0.0 0.0 4.4 0.0 0.0 21.9 25.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 12.9 0.0 0.0 3.6

Total 23.6 36.1 31.6 16.2 13.5 25.2 23.7 28.5 32.5 29.2 27.7 17.1 21.0 18.8 10.3 6.4 10.3 5.8 31.2 6.6 17.8 20.6
Outputs
Milk 8.7 6.3 11.2 5.2 7.4 8.1 5.4 6.1 7.1 5.2 7.0 4.8 5.2 10.0 5.5 7.0 4.7 9.5 10.8 6.3 9.2 7.2
Stock 5.1 7.0 4.1 4.9 3.7 6.0 0.0 4.0 3.2 4.9 4.8 8.9 3.2 6.3 4.5 2.3 5.5 1.3 5.3 9.7 3.4 4.7

Total 13.8 13.2 15.3 10.1 11.1 14.2 5.4 10.1 10.3 10.1 11.8 13.7 8.4 16.3 10.0 9.3 10.1 10.8 16.0 16.0 12.6 11.8

Surplus 9.9 22.8 16.4 6.2 2.3 11.1 18.3 18.4 22.2 19.1 15.9 3.5 12.7 2.5 0.3 -2.9 0.2 -5.0 15.2 -9.4 5.2 8.8
Efficiency(%) 58.3 36.7 48.3 62.0 82.7 56.1 22.7 35.5 31.8 34.7 42.7 79.8 39.7 86.5 97.0 145.2 97.8 186.1 51.4 242.4 71.0 76.6
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Table 28: Farm-gate P balances, 2005 (kg P/ha/yr).
Farm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Mean

kg P/ha/yr
Inputs
Fertiliser 0.5 23.1 1.2 0.0 0.0 9.5 0.0 0.0 24.1 8.7 24.9 19.6 6.2 16.9 10.1 3.7 5.8 9.2 4.6 3.1 24.7 9.3
Concentrate 9.0 7.4 12.7 6.1 7.3 7.1 4.3 6.6 3.1 8.4 6.5 6.1 2.5 5.3 3.9 2.9 6.6 2.8 11.3 4.9 8.4 6.3
OM Imports 17.0 0.0 0.0 7.9 0.0 0.0 29.3 29.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.6 5.0 0.0 4.5

Total 26.5 30.5 13.9 13.9 7.3 16.6 33.6 35.8 27.3 17.1 31.3 25.7 8.7 22.3 14.0 6.7 12.4 12.0 22.6 13.0 33.1 20.2
Outputs
Milk 7.7 5.9 11.6 5.2 7.6 9.2 5.0 6.3 6.6 5.5 8.3 5.0 5.0 9.7 5.2 6.5 5.2 9.6 10.7 6.2 8.5 7.2
Stock 3.7 6.2 6.6 6.0 3.8 3.8 0.0 5.4 3.0 5.8 3.5 3.3 5.6 5.2 4.7 2.8 8.2 5.4 3.9 3.7 4.4 4.5

Total 11.4 12.1 18.2 11.1 11.3 13.0 5.0 11.6 9.7 11.2 11.8 8.4 10.6 15.0 9.8 9.3 13.4 15.0 14.7 9.8 12.9 11.7

Surplus 15.1 18.4 -4.3 2.8 -4.0 3.6 28.6 24.2 17.6 5.9 19.5 17.4 -1.9 7.3 4.2 -2.6 -0.9 -3.0 7.9 3.1 20.2 8.5
Efficiency(%) 43.1 39.8 131.2 80.0 154.8 78.6 14.9 32.5 35.4 65.6 37.7 32.5 122.0 67.2 70.1 139.4 107.5 124.8 65.0 76.0 39.0 74.1

Table 29: Farm-gate P balances, 2006 (kg P/ha/yr).
Farm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Mean

kg P/ha/yr
Inputs
Fertiliser 0.0 19.5 35.1 0.0 5.7 6.4 0.0 0.0 24.6 5.6 18.6 13.4 11.2 0.0 7.1 10.7 1.5 7.1 4.5 2.9 13.9 8.9
Concentrate 13.5 8.7 11.6 10.9 9.0 13.6 9.2 10.1 5.8 11.1 6.9 6.3 4.0 9.9 5.4 4.6 11.9 9.4 16.8 5.5 11.0 9.3
OM Imports 0.0 0.0 0.0 7.4 0.0 0.0 20.2 22.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.6 7.1 0.0 3.1

Total 13.5 28.2 46.7 18.3 14.7 20.0 29.3 33.0 30.4 16.7 25.5 19.7 15.1 9.9 12.5 15.3 13.4 16.6 27.9 15.4 24.9 21.3
Outputs
Milk 8.4 6.6 9.1 5.3 8.3 11.0 6.3 8.0 7.1 6.3 7.9 5.6 5.7 10.8 6.4 7.2 5.7 11.1 9.3 6.5 8.1 7.7
Stock 8.2 8.6 4.4 6.7 3.6 3.6 0.0 2.5 4.2 6.1 1.0 5.7 4.9 7.8 3.1 3.2 8.5 4.5 1.3 2.0 3.0 4.4

Total 16.5 15.2 13.5 12.0 11.8 14.6 6.3 10.5 11.3 12.4 8.9 11.2 10.6 18.6 9.5 10.4 14.2 15.6 10.6 8.6 11.1 12.1

Surplus -3.0 13.0 33.2 6.3 2.9 5.4 23.1 22.5 19.1 4.3 16.6 8.5 4.5 -8.7 3.1 4.9 -0.8 0.9 17.3 6.9 13.8 9.2

Efficiency(%) 122 53.9 28.9 65.8 80.4 73.1 21.5 31.9 37.1 74.4 34.8 56.9 70.2 187 75.6 68.1 106 94.3 37.9 55.4 44.8 67.7



40

A strong positive linear relationship (R2 = 0.92, P < 0.001) was observed between P input and P

surplus (Fig. 10), while a weaker positive relationship (R2 = 0.32, P < 0.01) was found between

the mean P surpluses and STP levels on the farms (Fig. 11).

Figure 10: The relationship between P input and P surplus on the pilot farms.

Figure 11: The relationship between Soil Test Phosphorus (mg P/l) and Phosphorus surpluses on
the pilot farms.
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5. Discussion

5.1 Objectives

The main objectives of this project were:

(i) To develop a better understanding of current nutrient management practices on

intensive dairy farms in the south-west of Ireland.

(ii) To identify nutrient management practices which could potentially be improved to

increase the efficiency of artificial fertiliser and animal manure usage on these

farms.

(iii) To study farm-gate nutrient balances of intensive dairy farms, and monitor the

effects of changes in nutrient management practices, implemented due to

economic decisions of the farmers, on these balances.

5.2 Nitrogen

Fertiliser N was the main N input to the farms selected for this study, accounting for nearly 80 %

of total N input during the study period (section 4.7.1), while N contained in purchased

concentrate was the second most important N input. During the first three years of the study,

concentrate feed accounted for approximately 13 % of the total imports of N (Tables 20 to 22,

Section 4.7.1). However, due to the higher levels of concentrate feed used in 2006 (Table 12,

Section 4.3.4), concentrate feed accounted for nearly 19 % of the N imported onto the farms in

2006 (Table 23, Section 4.7.1). The increase in concentrate feed use in 2006 can be attributed to

below average grass growth during the summer period (Fig. 5, Section 4.2), caused by a

prolonged period of extremely dry weather (Table 7, Section 4.1.1). The importation of pig slurry

also resulted in a substantial input of N on a number of the farms during the study, particularly on

farms 1, 4, 7, 8 and 19 (Tables 20 to 23, Section 4.7.1).

The main output of N from the farms was in milk sold from the farms. This is not surprising as

spring calving dairy herds are the main enterprises on each of the farms selected for this study.

Output of N from the farms did not change significantly during the study, even though total N

input decreased (Tables 20 to 23). This resulted in an increase in the mean efficiency of N use on

the farms, from 17.9 % in 2003 to 20.2 % in 2006. These efficiencies are slightly higher than the

mean efficiency (17 %) found in a study of twelve Irish dairy farms in 1997 (Mounsey et al.,

1998), but lower than the mean efficiency of 30 % observed by Ledgard et al. (1997) on a group

of dairy farms in New Zealand. However, there was large variation in the efficiencies observed
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on individual farms in the present study, which ranged between 10.2 and 33.9 %. This large

variation can be largely attributed to variations observed in the level of fertiliser N input on farms

with similar stocking rates (Fig. 6, Section 4.4.2). Farms on which clover was being used to

supply part of the N requirements of the grass sward tended to be among the most efficient in the

group. White clover was introduced to farms 13 and 17 during the study period. These were the

most efficient farms in 2006, with the efficiency of N use exceeding 27 % on both farms (Table

24, section 4.7.1). The establishment of white clover was also encouraged on farm 20. On

average, this was the most efficient farm during the study. However, although farm 7 also had

clover pastures, efficiency of N use was relatively low on this farm throughout the study (Table

24, section 4.7.1). This was due to large inputs of N which resulted from the importation of large

quantities of pig slurry.

As the input of N decreased during this study it was not surprising that the mean N surplus also

decreased. There was a very strong positive linear relationship between N input and N surplus on

the dairy farms (Fig. 8, Section 4.7.1), in agreement with other studies (Oenema et al., 1998;

Jarvis, 1999). As N fertiliser use has been declining on Irish farms at national level since 2000

(CSO, 2007), it is likely that the national N surplus has also been decreasing over the same time

period. Overall, the level of N input measured during the study period was found to account for

32 % of the observed N output on the studied farms (P < 0.001) (Fig. 7, Section 4.7.1). There was

a marked decrease (P < 0.001) in N efficiency with increasing N input (Fig. 9, Section 4.7.1),

indicating that very high N inputs cannot be justified.

The decrease in N input was mainly due to a decrease in mean fertiliser N input on the farms,

from 266 kg N/ha/yr in 2003 to 223 kg N/ha/yr in 2006 (Table 14, section 4.4.2). This was

largely the result of decreases in the rate of fertiliser N applied in the first annual application, and

for the production of first cut silage (Table 14, section 4.4.2). These decreases were partly

achieved by increasing the proportion of slurry applied on the farms during the spring period

(section 5.4), while the introduction of white clover on five farms (7, 13, 15, 17, and 20) also

resulted in a substantial decrease in fertiliser N use on these farms (section 5.2.1).

O’Connell et al. (2004) showed that the recovery of N by the grass sward generally increased the

later the fertiliser N was applied in spring. Therefore, fertiliser N application rates should be kept

relatively low early in the season. In 2006, seven of the twenty-one farmers applied less than 30

kg N/ha at the first application. On four farms (2, 12, 19 and 21) applied rates exceeded 40 kg

N/ha. A rate of 29 kg N/ha is recommended as the first annual fertiliser N application (Mc
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Namara, Per. Comm.; Humphreys et al., 2002; Humphreys et al., 2007). There is clearly potential

to further decrease the first annual fertiliser N application rate on many of the farms in this study.

The rate of fertiliser N applied for the production of first cut silage is also an area where there is

potential to decrease fertiliser N use on many of the studied farms. Over the study period, the

mean rate of fertiliser N applied for the production of first cut silage decreased (P < 0.05) from

106 to 96 kg N/ha (Table 14, section 4.4.2). This decrease was partly achieved by substituting

some fertiliser N with slurry N, and by taking the nutrient value of slurry into account when

fertilising for the silage crop, as discussed further in section 5.4. However, the rate of fertiliser N

applied for the production of first cut silage in 2006 exceeded 100 kg N/ha on nine farms.

Therefore, it is likely that further decreases in N use are possible on these farms.

In general, the rate of fertiliser N applied increased as the stocking rate increased (Fig. 6, Section

4.4.2). However, a large variation between the rates of fertiliser N applied on individual farms

was observed, even where stocking rates were similar. Although part of this variation could be

attributed to differences in levels of background soil N (O’Connell et al., 2003), and the use of

white clover on some farms, the results suggest there is potential for a decrease in N usage on

many intensive dairy farms in Ireland. The greatest variations in the rates of fertiliser N applied in

the study were observed on the less intensively stocked farms, therefore, it appears that the

largest potentials to reduce fertiliser N applications will be found on the less intensive dairy

farms.

For example, farms 5 and 13 were both stocked at approximately 170 kg org. N/ha during the

study period. However, annual fertiliser N usage varied substantially between the farms, with an

average rate of 268 kg N/ha/yr being applied on farm 5, while an average of 149 kg N/ha/yr was

applied on farm 13 (Table 14, Section 4.4.2). Concentrate feed usage was also higher on farm 5

(Table 12, Section 4.3.4). These results suggest a potential to decrease the level of fertiliser N

applied on farm 5. It should be noted, however, that white clover had been introduced to some of

the pastures on farm 13, although the actual area was relatively small, and certainly not

substantial enough to explain the differences in N input. While the rate of N applied on farm 5 in

2006 was below the maximum permitted rate of 286 kg fertiliser-N/ha/yr (Farm stocking rate

between 171 and 210 kg org. N/ha) under SI 378, 2006, it exceeded the rate recommended as

sufficient for crop requirements at this stocking level (Humphreys et al., 2007). Indeed, in 2006,

less fertiliser N was applied on farms 1 and 19, which were both stocked at 241 kg org. N/ha,

than was applied on farm 5.
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The rates of fertiliser N applied in 2006 on farms 6 (308 kg N/ha/yr) and 14 (274 kg N/ha/yr)

exceeded the maximum limits permissible under SI 378, 2006 (Table 14, section 4.4.2). These

farms were both stocked at greater than 210 kg org. N/ha (Table 10, section 4.3.2) and were

permitted to apply 256 kg fertiliser-N/ha/yr. While farms which are highly stocked appear to have

the greatest difficulties in complying with SI 378, 2006, the results from the majority of the farms

in this study which were stocked at greater than 210 kg org. N/ha, demonstrate that the limits are

workable.

The mean number of days on which fertiliser was applied each year decreased from 48 days in

2004 to 29 days in 2006 (Table 13, section 4.4.1). Milk production on the farms was not

negatively affected (Table 10, section 4.3.2). While it has been traditionally recommended that

fertiliser N is applied after each grazing, Mc Namara et al. (2006) found no negative effects on

grass production when a once per month application strategy was adopted during the spring

period, while they recommended a twice per month application strategy for the remainder of the

year. Decreasing the number of days per year on which fertiliser is applied can lower time and

labour requirements associated with fertiliser application, particularly where spreading equipment

must be attached to a tractor on each occasion, as well as simplifying record keeping. While the

majority of farms in this study reduced the number of days on which fertiliser was applied over

the study period, the number of days increased on farm 16 (Table 13, section 4.4.1). Fertiliser

was applied regularly on this farm as a spreader remained on a tractor dedicated to the task for the

whole year.

Fertiliser N was generally applied as either urea or CAN, while N, P, K compound fertilisers

accounted for 27.4 % of fertiliser N applied (Table 15, Section 4.4.2). The use of urea in spring-

time is recommended as it is a cheaper source of N than CAN (Humphreys et al., 2007), while

also being less susceptible to immediate loss after application than CAN (Addiscott, 1996).

However, N losses through NH3 volatilisation are associated with the application of urea fertiliser

in warm, dry conditions (Pain et al., 1999). For this reason its use is not recommended during the

summer period (Watson et al., 1990; Humphreys et al., 2004a). This advice appears to be well

accepted by farmers. Ninety-five percent of the urea applied on the studied farms in 2006 was

applied before the end of May, with the remainder applied in late August and early September.
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5.2.1 Case Study – Three White Clover Farms (7, 17 and 20)

White clover was introduced on five of the farms (7, 13, 15, 17, and 20) during the study period,

generally using the over-sowing method, as described by Healy et al. (2005). This resulted in a

35 % decrease in the mean N usage on these farms during the study. However, substantial areas

of clover were only established on farms 7, 17 and 20 by the end of the study period. A 47 %

decrease in mean fertiliser N usage was observed on these three farms during the study.

The farm area on these three farms (7, 17 and 20) remained unchanged during the study period.

Mean milk production increased from 342,722 litres in 2003 to 388,829 litres in 2006. The

average stocking rate on the three farms declined from 183 kg org. N/ha in 2003 to 171 kg org.

N/ha in 2006, although the mean number of dairy cows present on the farms increased from 63

cows in 2003 to 69 cows in 2006. However, the number of other stock present on the three farms

decreased from a mean of 63 LU in 2003 to a mean of 48 LU in 2006. Concentrate feed usage

remained largely unchanged on the farms during the initial three years of the study. However,

concentrate feed usage increased during 2006. This was due to the extremely dry weather

conditions experienced in the summer of 2006.

The use of fertiliser N declined substantially on farms 7, 17 & 20, from an average of 240 kg

N/ha/yr in 2003 to 126 kg N/ha/yr in 2006. This decrease (47 %) was substantially higher than

the decrease observed in the mean fertiliser N usage of the twenty-one farms in the study (16 %).

The mean rate of fertiliser N applied in the first application on these three farms declined from 51

kg N/ha in 2004 to 34 kg N/ha in 2006, while the mean rate of fertiliser N applied for the

production of first cut silage decreased from 111 kg N/ha in 2004 to 98 kg N/ha in 2006. These

decreases are similar to the mean decreases in fertiliser N applications recorded on all twenty-one

farms in the study (Table 14, section 4.4.2).

While white clover was an important factor in achieving the observed decreases in fertiliser N

use, improved slurry management was also evident on the three farms, with the mean percentage

of slurry applied in the spring period increasing from 50 % in 2004 to 71 % in 2006 (Table 18,

section 4.5.2).

The decrease in fertiliser N use observed on these three farms resulted in decreased N surpluses

and increased N use efficiency. On average, mean total N input to the farms decreased from 318

kg N/ha/yr in 2003 to 226 kg N/ha/yr in 2006, while the mean N output remained unchanged.

This resulted in a decrease in the mean N surplus of the farms, from 271 kg N/ha/yr in 2003 to
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177 kg N/ha/yr in 2006, while the mean N use efficiency on these farms increased from 16.2 % in

2003 to 22.7 % in 2006.

According to Humphreys and Lawless (2006), stocking rates of up to 170 kg org. N/ha can be

supported on clover swards receiving 90 kg fertiliser N/ha/yr. Although many of the farms

studied were stocked at a level too high to consider a white clover system, there is potential for

decreased N inputs on the less intensively stocked farms in this study through the use of white

clover. Nationally, a large proportion of dairy farms are stocked at less than 170 kg org. N/ha

(Connolly et al., 2007) and consequently there appears to be potential for large decreases in

fertiliser N usage on many farms through the introduction and management of white clover

pastures.

5.2.2 Similar Studies

In a study of dairy farms in Ireland stocked at greater than 210 kg org. N/ha, McQuinn et al.

(2002) found the average fertiliser N use to be 268 kg N/ha/yr, while Humphreys et al. (2003a)

found the average use of fertiliser N on a group of 32 intensive Irish dairy farms to be a little over

300 kg N/ha/yr between 1993 and 2001. While the rate of fertiliser N used on the farms in this

study was slightly lower than in earlier studies, it is not surprising, as nationally fertiliser N use

has been decreasing during the last decade (CSO, 2007). However, it should be noted that the

farms in the earlier studies were stocked at a slightly higher level than that observed in the current

study.

Mounsey et al. (1998) carried out a study of twelve intensive Irish dairy farms in 1997. The mean

stocking rate was 219 kg org. N/ha. They found a mean N surplus of 304 kg N/ha/yr, with

surpluses ranging between 198 and 408 kg N/ha/yr on the individual farms. These surpluses

exceed those found in the current study, although the stocking rate of the current study is also

lower. Nitrogen use efficiency was 19 %. Similar to the current study, fertiliser N was the most

important N input, accounting for 88 % of total N input, while milk sales accounted for the

largest export of N. The rate of fertiliser N applied in the first annual application observed by

Mounsey et al. (1998) greatly exceeded the rate applied on the farms in the current study, with a

mean application of 60.1 kg N/ha being applied. The lowest rate applied was 57.5 kg N/ha,

approximately twice the rate now being recommended (Humphreys et al., 2007). When compared

to the results of the current study, it appears that the rate of N used in the first annual application
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has been decreasing on intensive Irish dairy farms over the past decade. This is to be expected as

the recommended rate has been halved during this period.

A recent study by Raison et al. (2006) studied nutrient management on 139 pilot farms in nine

regions of the Atlantic seaboard of Europe over a three year period. There was a large variation

observed between farming systems in the different regions, and this had distinct effects on the

observed nutrient balances. Farms in the northern regions, including Ireland, were based on

grazing, and harvested grass was stored and used in winter. The stocking rates varied between

136 kg org. N/ha and 187 kg org. N/ha, and fertiliser N use was generally greater than 200 kg

N/ha/yr. Fertiliser N use decreased during their study, but still remains relatively high in

comparison to other regions. Concentrate usage was relatively low, particularly in Ireland where

the mean concentrate usage was 580 kg/cow during the study.

The farm systems in the southern regions, such as Northern Portugal, were very intensive, with

stocking rates as high as 510 kg org. N/ha. These systems produced very high yields of milk per

ha, but also required high levels of maize and concentrate feeding. The use of fertiliser N was

also relatively high at approximately 200 kg N/ha/yr. Nitrogen surpluses on these farms exceeded

500 kg N/ha/yr. However, it should be noted that the farms in the study were not representative of

the area, and were selected as being potentially problematic to the environment.

In the regions located in west France, such as Brittany and Pays de Loire, inputs of concentrate

feed and fertiliser N were relatively low. This resulted in low N surpluses, close to 100 kg

N/ha/yr. However, regulation on N input is strict in these regions as water quality is poor, and

stocking rates were low, at approximately 115 kg org. N/ha.

The large difference in surpluses observed between regions by Raison et al. (2006) is in

agreement with the findings of a number of previous studies. Dutch dairy farms can have N

surpluses over 450 kg N/ha/yr (Van der Meer and van Uum-van Lohuyzen, 1986; Ledgard et al.,

1997), while Ledgard et al. (1997) found much lower surpluses (mean 131 kg N/ha/yr) on a

group of dairy farms in New Zealand, when biological fixation was included as an N input.

“Blanket” approaches to environmental policy appear too simple (Wade et al., 2005). In the study

of Raison et al. (2006), Brittany was the region with the worst water quality, despite the fact that

the dairy farms in this region showed the lowest N surpluses. This demonstrates the major

differences in the fate of N surpluses in different regions and systems. The cultivation of soil for
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the production of maize, as is common in Brittany, is likely to cause a release of N through the

process of mineralisation (Shepherd et al., 1999), leading to large N losses to ground water

through NO3
- leaching (Neill, 1989; Whitehead, 1995). Therefore, grass-based systems such as in

Ireland appear to have an environmental advantage (Pflimlin et al., 2006). Indeed in areas with

soil types from which there is a high risk of N leaching, permanent pastures are recommended

(Bossuet et al., 2006). Permanent grassland acts as a store for N, as indicated by its high OM

content (Brogan, 1966; McGrath and Zhang, 2003; O’Connell et al., 2003), lowering the risk of

loss to water. It is also possible that much of the N surpluses observed on grass-based farms in

northern Europe are lost to the environment through the process of denitrification (Smith et al.,

1995), resulting in a large proportion of the N being released as N2O and N2 to the atmosphere.

However, it is important to bear in mind that improvements in water quality are relatively slow

and, therefore, the effects of low N surpluses on dairy farms in Brittany may not become apparent

for a number of years. Intensive poultry and pig units may also be counteracting the positive

effects of low N fertiliser use on the dairy farms (Andre Le Gall, Pers. Comm.).

5.3 Phosphorus

Phosphorus loss to water is one of Ireland’s greatest environmental concerns (Toner et al., 2005).

Therefore, the management of P on intensive Irish dairy farms requires careful consideration. The

management of P on the farms in this study was generally close to recommended practice

(Section 2.3.1.1;, with very high (>15 mg P/l) STP values uncommon. The mean STP

concentration on the farms was 8.2 mg P/l. This is lower than a mean STP concentration of 11.7

mg P/l found on twelve intensive Irish dairy farms in 1997 (Mounsey et al., 1998), but is

comparable with the mean STP concentration (8.3 mg P/l) of all soil samples received from

commercial farms for analysis by Teagasc, Johnstown Castle between 2003 and 2006 (Fig. 2,

Section 2.3.3). The mean STP concentration exceeded 10 mg P/l on five of the studied farms.

This was the upper limit of soil index 3, the target index prior to the implementation of SI 378,

2006. However, as discussed in section 2.3.1.1, the upper limit of index 3 was lowered to 8 mg

P/l under SI 378, 2006. The mean STP concentration exceeded 8 mg P/l on ten of the studied

farms.

The use of fertiliser P decreased (although not significantly) from 12.0 to 8.9 kg P/ha/yr during

the study. However, there was substantial variation in the rates of fertiliser P applied, with annual

applications ranging between 0.0 to 35.1 kg P/ha/yr during the study period. Fertiliser P

accounted for 47 % of the P input to the farms. This is lower than the findings of Mounsey et al.
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(1998) who found fertiliser P contributed 67 % of total P input to the dairy farms in their study.

However, as fertiliser P use has declined on Irish dairy farms during the interim period (Fig. 2,

section 2.2.3), it is not surprising that the fertiliser P accounted for a lower proportion of total P

input in the current study.

The mean input of P from imported pig slurry also decreased, from 4.1 kg P/ha/yr in 2003 to 3.1

kg P/ha/yr in 2006. On farms where pig slurry was imported, P in the slurry accounted for the

largest proportion of total P input on these farms. Fertiliser P usage was generally low on these

farms. Purchases of concentrate feed accounted for 32 % of the P input to the farms during the

first three years of the study. However, in 2006, almost 44 % of P input was due to concentrate

feed usage, slightly greater than the proportion of P imported as fertiliser. Phosphorus exported in

milk sold from the farms accounted for 60 % of P output, slightly lower than the 75 % calculated

by Mounsey et al. (1998) in their study. The export of P in animals which died, or were sold,

from the farms accounted for the rest of the P output.

The mean P surplus during the study period was 9.4 kg P/ha/yr. This is lower than the findings of

Tunney and Culleton (1995) who found a P surplus of 18 kg P/ha/yr on an Irish grass-based dairy

farm. Tunney and Culleton observed an input of 26 kg P/ha/yr due to fertiliser P use. This greatly

exceeds the mean fertiliser P use on the farms in this study (10.2 kg P/ha/yr) (Table 16, Section

4.4.3). However, this difference would be expected as fertiliser P usage has declined during the

interim period (Fig 2, Section 2.3.3). In a European context it appears that the P surpluses

observed in the current study are relatively low; eg. Raison et al. (2006) found a range of mean

surpluses between 8 and 71 kg P/ha/yr on dairy farms across a number of regions along the

Atlantic seaboard of Europe. Dairy farms in the northern regions tended to have the lowest P

surpluses as they were grass-based systems using relatively low levels of concentrate feed. The

largest surpluses were observed on the very intensive dairy farms in the southern regions due to

large P inputs resulting from very high levels of concentrate feed usage.

Substantial variation in the P surpluses of the individual farms was observed during the current

study. These ranged between -9.4 and 33.2 kg P/ha/yr, with the surplus of P very strongly related

(R2 = 0.92, P < 0.001) to the total input of P to the individual farms (Fig. 10, Section 4.7.2).

However, unlike N surpluses which are seen as an economic waste, and potential environmental

problem, P surpluses may be necessary on certain farms if an increase in STP is required

(Culleton et al., 1999). It is therefore important to consider the results of soil sampling when

looking at the P balances on the farms.
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It is evident that farms 15 and 16 had low mean STP concentrations of 4.4 and 4.2 mg P/l,

respectively. The maximum STP concentration recorded on farm 15 was 5.4 mg P/l, and,

therefore, this farm in particular needs a surplus P balance if it is to achieve a mean STP

concentration in index 3, the target index. In the final three years of the study, both farms 15 and

16 displayed low P surpluses, with a deficit displayed on farm 16 in two of the years. Therefore,

it is unlikely that soil P concentrations will increase by a substantial level on these farms unless P

input is increased.

At the other extreme, farm 7 recorded the highest mean STP concentration (17.5 mg P/l) of all

farms in the study, with individual soil samples from the farm having STP concentrations

between 12.6 and 25.7 mg P/l (Table 19, Section 4.6). This farm also had the highest mean P

surplus of the studied farms (Table 25, section 4.7.2). This was the result of large applications of

imported pig slurry on this farm which accounted for 82 % of the total P input over the study

period. However, no fertiliser P was applied on farm 7 during the study period. Considering the

high STP values observed in all soil samples analysed from this farm, it is likely that the volume

of pig slurry being applied to this farm in future years will have to be reduced to reduce the risk

of P pollution from this farm.

The second largest mean P surplus was observed on farm 8. This farm also received large

volumes of imported pig slurry, accounting for almost 79 % of total P input over the study period.

The mean STP concentration on farm 8 was 6.9 mg P/l, and is in the target index. It should be

noted, however, that there was a large variation in the STP concentrations of the individual soil

samples taken on this farm, ranging between 2.9 and 10.5 mg P/l. This is likely due to the uneven

application of pig slurry, with some fields receiving larger volumes of pig slurry than others

during past years. Therefore, the results of soil sampling should be carefully considered when

deciding where to apply imported pig slurry on this farm.

The three farms (2, 9, and 11) which received the highest levels of fertiliser P all had STP

concentrations close to, or exceeding 10 mg/l. As these STP concentrations are now considered

excessive, and due to the constraints on fertiliser P application under SI 378 (2006) fertiliser P

applications will have to be lowered substantially on these farms in future years. In order to avoid

imbalances in STP concentrations due to the restriction of fertiliser P use, the careful distribution

of slurry over the farm area is very important (Tunney, 1990; Watson and Foy, 2001) (Section

2.3.4).
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5.4 Slurry Management

The proper collection, storage, and disposal of slurry, is a substantial cost on Irish dairy farms.

However, there is a growing realisation that slurry is a valuable resource, containing a large

reservoir of nutrients, and with proper management has the potential to substantially lower the

requirements for artificial fertiliser usage (Swensson, 2003). As the cost of artificial fertilisers

increases and as regulatory limits on their usage are imposed, efficient slurry management is

becoming increasingly important (Lalor and Hoekstra, 2006; SI 378, 2006; Humphreys, 2008).

Thirty-three percent of slurry applied on the pilot farms in the initial year of the study was

applied in the May/June period, coinciding with the period immediately after the harvest of first

cut silage. This has been the traditional management practice on Irish grassland farms as ground

conditions are generally good at this time of year, and the slurry replaces a large proportion the P

and K removed in the silage crop (Schulte and Herlihy, 2007). However, as already discussed in

section 2.2.4.1, the application of slurry at this time of year generally results in poor utilisation of

the N fraction of the slurry, due to large losses of NH3 in dry, warm conditions (Sommer et al.,

1991). Although the use of low trajectory splash plates, dribble bars and trailing shoe methods of

application decrease NH3 losses (section 2.2.4.1), it is preferable to apply slurry in spring

(Thompson and Pain, 1989; Pain, 2000).

Humphreys et al. (2007) recommended applying at least 70 % of slurry during the spring period.

An increase in the mean proportion of slurry applied in the spring period, from 50 to 65 %, was

observed on the pilot farms in the course of the study period, while the proportion of slurry

applied in the May/June period decreased from 33 to 18 %, with little change in the proportion

applied after the end of June each year (Table 18, Section 4.5.2). The increases in the volumes of

slurry applied in springtime were partly achieved by substituting some fertiliser N with slurry on

part of the grazing area in the first round of fertilisation of the year. However, the greatest

potential to increase the volume of slurry applied in springtime was realised by applying slurry on

the areas closed for the production of first cut silage, at the beginning of April. It was

recommended by Teagasc that farmers applied 90 kg N/ha in addition to 33 m3/ha of slurry. In

certain cases, slurry was already being used on the silage area, but its N content was not taken

into account when calculating the required rate of fertiliser N. It was possible for the mean rate of

fertiliser N applied for the production of first cut silage to be lowered from 106 kg N/ha in 2004

to 96 kg N/ha in 2006 (Table 14, section 4.4.2). These results suggest that there is considerable

scope to increase the proportion of slurry applied early in the year on commercial Irish dairy
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farms, and hence an opportunity to decrease N fertiliser usage through the more efficient use of

slurry N.

The application of slurry and fertiliser N to the same areas with little or no interval between

applications was observed on a number of farms at the start of the project. As discussed in section

2.2.2.3, this can lead to losses of N through the process of denitrification, and should be avoided

(Clayton et al., 1997; Dittert et al., 2005). It was recommended to the farmers (by Teagasc staff)

that a one week interval was allowed between applications (Humphreys et al., 2007). The

application of diluted slurry has also been shown to increase the efficiency of N utilisation due to

increased infiltration rates, decreasing the potential for losses through NH3 volatilisation (Frost,

1994; Pain et al., 1999; Chambers et al., 1999). The diversion of dirty water into slurry tanks,

rather than separate storage tanks was recommended (by Teagasc staff) during the spring period

of each year to dilute slurry being applied after the cutting of first cut silage. However, this

practice is not recommended during the closed winter period (Humphreys et al., 2007) due to the

increased storage facilities which would have to be provided.

Under SI 378 (2006) periods during which the land spreading of slurry is prohibited have been

established. This has created a legal obligation on farmers to provide slurry storage facilities for

all slurry and dirty water produced during these closed periods. It is evident from Table 17

(Section 4.5.1) that substantial investment will be necessary on many of the farms in this study to

comply with these regulations. Only 38 % of the farms in this study already had sufficient slurry

storage facilities, while 10 % of the farms had less than half of their required storage capacities.

According to Raison et al. (2006), insufficient storage capacities limit the use of organic manures

and, therefore, the lowering of fertiliser N use in grass-based dairy systems in northern Europe,

including Ireland, as sometimes slurry must be spread due to necessity (as storage facilities are

full) rather than being applied at times when conditions resulting in optimum nutrient utilisation

are present. However, of the eight farms in this study which had adequate slurry storage facilities,

only two achieved the target of applying 65 % of their slurry in spring (Table 18, section 4.5.2).

In certain cases, farmers with limited storage applied slurry in springtime by necessity, as tanks

were full to capacity before the end of the wintering period. On farms where this was not a

problem, slurry application may have been delayed until ground conditions improved, or when

more time was available after the busy calving season, as two-thirds of the farmers applied slurry

using there own equipment.
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6. Conclusions

From this study it was clear that fertiliser N is the main N input on intensive Irish dairy farms.

Fertiliser N use tended to increase with stocking rate, but substantial variation was observed

between farms stocked at similar levels (Fig. 6, section 4.4.2). The variation was greatest between

the farms with relatively low stocking rates. Therefore, there is potential to decrease N use on

some less intensively stocked farms in this study. There is less scope for decreases on the higher

stocked farms, as fertiliser N usage is generally already close to Teagasc recommendations, while

stocking rates are too high for white clover systems to be successfully adopted. However,

decreases in fertiliser N use will be necessary on farms 6 and 14 to comply with the limits of SI

378, 2006.

The use of white clover in the grazing sward allowed fertiliser N rates to be decreased

substantially on three farms (7, 17 and 20) (Table 14, section 4.4.2) with little change in output

observed on these farms (Table 24, section 4.7.1). This system has the potential to substantially

reduce fertiliser N use on many Irish dairy farms. As a very strong linear relationship was

observed between N input and N surplus on the farms (Fig. 8, section 4.5.3) a decrease in N input

should lead to a decrease in N surplus. Decreases in N input will be expected to also lead to an

increase in N use efficiency (Fig. 9, section 4.5.3).

It is also clear that decreasing the number of days per year on which fertiliser was applied was

possible without negatively affecting the productivity of the studied farms. Decreasing the

number of days on which fertiliser is applied saves labour and simplifies record keeping of

fertiliser application on farms.

Rates of fertiliser P used on the farms varied substantially. Farms which imported large volumes

of pig slurry applied little or no fertiliser P. High P surpluses were associated with elevated STP

(Fig. 11, section 4.5.4). High P surpluses are the result of high levels of P input (Fig. 10, section

4.5.4). As farms with elevated levels of soil P require the lowest input of P, careful examination

of P management is required on the farms. Soil P concentrations were generally close to

recommended levels. However, the lowering of the upper limit of soil index 3 under SI 378

(2006) has resulted in an increase in the number of soil samples now being categorised as index

4. This resulted in the mean soil P concentrations on five of the farms in this study, previously

classified as index 3, being reclassified as index 4. Phosphorus contained in purchased

concentrate feed fed on the farms accounted for a large proportion of the P input of the farms

(ranging from 13.4 to 67.5 % on individual farms). Unavoidable increases in concentrate feed use
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as a result of factors outside farmers’ control, such as poor grass growth caused by drought, can

increase the P balance of a farm in a given year.

Increasing the proportion of slurry applied in springtime allowed fertiliser N use to be decreased

on the studied farms. However, there is scope to further increase the proportion of slurry applied

in springtime on many of the farms. In order to comply with SI 378 (2006) substantial investment

in slurry storage facilities was required on almost two-thirds of the studied farms.
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