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STRUCTURE OF REPORT

This report begins with an Executive Summary which briefly highlights the background to the research, the methods used to undertake the work, the key findings, and the practical implications of the work 

The main body of the report comprises a detailed report on the work undertaken, including an in-depth analysis of the results. This part of the report has been prepared in the format of a full scientific paper which will shortly be submitted to the scientific journal Grass and Forage Science for publication.

The report finishes with a list of presentations/publications which have been outcomes of the work to date.
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EXECUTIVE SUMMARY 
· Efficiency in the use of slurry nitrogen is becoming increasingly important. Not only is a given efficiency assumed when the maximum rate of fertiliser within the Nitrates Action Programmes is determined, it is also taken into account when drawing up nutrient management plans. 
· Although differences in the response of forage species to fertilizer nitrogen have been reported, less is known of the variation in response of forage grasses and legumes to slurry applications.

· A four year experiment was carried out to investigate the effect of rate of slurry application and forage species on response to slurry, nitrogen use efficiency and soil nutrient status.
· Plots of seven forage types, i.e. diploid and tetraploid perennial ryegrass, Italian ryegrass and hybrid ryegrass (each mixtures of two cultivars), a low input mixture of perennial ryegrass, cocksfoot, timothy and meadow fescue, a mixture of perennial ryegrass and white clover and a monoculture of red clover were sown in August 2004. The forages were cut either 3 or 4 times annually over four years
· Four rates of slurry were applied to each forage by trailing-shoe each year. The slurry was applied over three applications, with a target application rate of 0, 30, 60 and 90 m3 ha-1 annum-1. No other nutrients were applied during the experiment. 
· At the start of the study soil analysed with a P index of 4 and a K index of 2-. Throughout the study soil was sampled in two layers (5.0-7.5 cm and 7.5-15.0 cm), with samples collected in January/February each year.
· When no slurry was applied, the average annual DM production over the four years was highest in the red clover treatment (almost 13.8 t DM ha-1), followed by perennial ryegrass-white clover (11.3 t DM ha-1). Italian ryegrass was the highest yielding non-legume when no slurry was applied, producing 10.4 t DM ha-1.
· The average forage DM response to slurry was 50 kg DM m-3 (61 kg DM m-3 for non-legumes and 23 kg m-3 for legume-based forages). 
· By the fourth year, mean sown species content in diploid perennial ryegrass swards was 85% while that within the other ryegrass monocultures and low input mixture was over 90%. The Italian ryegrass sward in the fourth year was the purest at 97% of sown species. In the low input mixture at the high slurry treatment, cocksfoot increased from 13% of DM in Year 1 to 79% of DM in Year 4, with a consequent reduction in the contribution from the other components.
· White clover content in the perennial ryegrass/white clover swards declined at the higher rates of slurry in two of the four years. In the red clover monoculture, weed species, as a percentage of total DM harvested percentage increased from 20% in the first year to 31% in the fourth year.
· When no slurry was applied the average amount of total nitrogen harvested over the four years in non-legume swards was 117 kg N ha-1, compared to 256 kg N ha-1 for grass/white clover and 363 kg N ha-1 for red clover. Mean total nitrogen harvested from the non-legume swards, grass/white clover and red clover increased to 204, 292 and 374 kg N ha-1, respectively, within the highest slurry rate; the low input mixture produced the highest yield of total nitrogen of the non-legume species. The high yield of total nitrogen harvested from the legume species when no slurry was applied was due to nitrogen fixation, a characteristic of all legumes.
· Apparent uptake of slurry nitrogen was calculated from the difference between total nitrogen harvested in the slurry treatments and the ‘no slurry’ treatment. Over all the slurry rates the lowest average apparent uptake of nitrogen among all of the non-legume treatments, was in the Italian ryegrass treatments (41 kg slurry N ha-1) compared to the highest (74.6 kg slurry N ha-1 apparent uptake) for the low input mixture. Due to nitrogen in the slurry reducing the rate of nitrogen fixation in clover, the apparent rate of slurry uptake by legumes was particularly low, especially at the higher slurry rates.  
· The dry matter response to slurry nitrogen applied, averaged over the four years, was similar for the non-legume treatments (mean 20.5 kg forage DM kg-1 slurry N) compared to 9.0 and 6.3 kg DM kg-1 slurry N, respectively for grass/white clover and red clover, respectively.
· Efficiency of use of slurry nitrogen was calculated as the apparent uptake of slurry nitrogen, expressed as a proportion of nitrogen applied. Excluding legume forages, of the four years of the trial, the lowest efficiency in use of slurry nitrogen was in Year 1 (23% of applied N harvested in forage) and highest in Year 2 (51%). The efficiency of slurry N utilisation was particularly low in the first two years for the Italian ryegrass i.e. 19% in Year 1 and 32% in Year 2. 
· Efficiency in utilisation of slurry nitrogen by clovers, averaged over both sward types, was low i.e. average 5, 12, 11 and 18% of slurry N applied harvested in forage in Years 1 to 4.
· In each year, the lowest recovery of slurry nitrogen, and hence utilisation efficiency, was in the second application of each year (applied after the first cut). This is likely due to ammonia losses as a result of volatilisation, which may have been increased by the weather conditions at application and the reduced speed of regrowth post-cutting following the harvest of high forage yields. 
· Soil pH was slightly but significantly increased by slurry. However, it declined with time under the clovers, especially red clover, due presumably to the release of hydrogen ions during nitrogen fixation. 
· Slurry application did not affect soil P, remaining high at ADAS index 4. Although soil K declined from index 2- to 1 when no slurry was applied, over the 4 years of the experiment it increased to index 2+ under some of the forages, suggesting that slurry was supplying more K than was required by the crop. Magnesium in the soil also increased with increasing slurry levels over the course of the experiment. Soil S increased slightly across the forages, with soil under red clover having the highest S level.
· The average apparent recovery of 35% slurry nitrogen is within the range of that found in other studies when slurry is applied by trailing shoe and above that commonly found when applied by splash plate (20-25%).  
· The consistently poor response to slurry when applied after the first silage cut in this study is contrary to the advice and findings from other studies and suggests that the timing of slurry application in multiple application programmes requires further investigation.
· To maximise use of slurry N, perennial or hybrid ryegrass or grass species mixtures should be given the highest priority in a slurry spreading programme. 

· While P and K in slurry could make an important contribution to the requirements of grass/white clover or red clover, the poor apparent nitrogen recovery when applied to clover swards should be taken into account when planning slurry application.
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Introduction

National legislation introduced in member States to implement EU Nitrates Directive (91/676/EEC) (Anon 2001) sets an assumed efficiency in the use of N in animal manures. For slurry, an efficiency (apparent nitrogen recovery relative to total amount applied) of 0.4 is usually assumed and is required to be taken into account in farm nutrient management plans. Not only is maximising use of nutrients important in minimising damage to the environment, there is also an economic benefit as fertilisers can be a significant cost in forage production. Therefore maximising the utilisation of slurry-based nitrogen is important in grassland farming. Slurry nitrogen use efficiency is influenced by method and timing of slurry application (Hoekstra et al., 2010), application rate (Misselbrook et al., 2006), and climatic and soil conditions (Dowling et al., 2008; Lalor and Schulte, 2008).  Low efficiency in slurry nitrogen utilisation is strongly associated with the rate of ammonia volatilisation. Using low emission methods such as trailing-shoe, fertiliser equivalence can be increased 2 to 3 times that of the splash plate method (Frost et al., 2007). The higher efficiency in utilisation of  slurry N from methods which deposit the slurry in bands or in slots at the base of the sward is due to reduced contact between slurry and air, and hence reduced ammonia volatilisation, the major source of N loss during slurry application. From a review of 37 experiments, applying slurry by trailing-shoe resulted in an average reduction in ammonia volatilisation of 65% compared to application by splash plate (Webb et al., 2010). 

Grass species vary in their response to nitrogen fertiliser (Frame, 1991). Less is known of the variation in the response of forages to slurry nitrogen. In a study in the United States, response of cocksfoot dry matter production to dairy slurry application was lower than of tall fescue but nitrogen uptake per unit dry matter production was higher in cocksfoot and so apparent N recovery did not differ between the species (Cherney et al., 2002). Grass/legume swards have a lower response to slurry N than grass swards generally (e.g. Lambe et al., 2005). This is mainly due to stimulated growth of grass due to N in slurry competing with legume growth and so the net effect on growth of forages containing legumes is lower than in non-legume forages. So type of grass or legume-based forage to which slurry is applied may have an impact on the efficiency of utilisation of nutrients applied, and a difference in response between forage types could have an impact on the choice of grassland to which slurry is applied. Therefore the following experiment was undertaken to determine the effect of slurry on production, uptake of nitrogen and apparent slurry-N uptake, species composition and soil nutrient status on swards of a range of perennial forages (including some short-term perennials) in a three-cut system over four years.

Materials and Methods

Twenty eight treatments were examined in a seven (forage type) x four (slurry rate) factorial design experiment, with each treatment replicated four times. Swards were established during August 2004 in plots 6 m x 1.5 m in a split plot experimental design in four blocks. Slurry rate treatments (zero, low, medium and high rate) were assigned randomly to each main plot in each block and subplots with forage monocultures or mixtures were assigned randomly to each subplots within each main plot. Forages, with sowing rate, were:

PRG Dip. -  22 kg ha-1 diploid perennial ryegrass (cvs Pastour and Gilford, 0.5:0.5)

PRG Tet. - 33 kg ha-1 tetraploid perennial ryegrass (cvs Navan and Greengold, 0.5:0.5)

R Hyb - 33 kg ha-1 hybrid ryegrass (cvs Aberlinnet and Belleek, 0.5:0.5)

Ital.RG - 40 kg ha-1 Italian ryegrass (cvs Meribel and Ligrande, 0.5:0.5)

LIM - 33 kg ha-1 low input mixture (cocksfoot cv Balmoral, perennial ryegrass cv Navan, timothy cv Comer, meadow fescue cv Pradel, 0.2, 0.2, 0.3, 0.3) 

PRG WC - 30 kg ha-1 perennial ryegrass (cvs Gilford and Navan) and 4 kg ha-1 white clover (Ensign blend: cvs Crusador, Alice and Barblanca)

RC - 12 kg ha-1 red clover (cv Merviot).

In autumn 2004, the area received 20 m3 ha-1 cattle slurry, before being ploughed and cultivated conventionally. Slurry application rates were assigned to the main plots so that slurry could be applied across each forage type in subplots. Blocks were laid out with sufficient space to allow the tanker to commence dispensing the appropriate application prior to reaching the first plot in each block.

Throughout the study slurry was applied on three occasions each year: in spring and after the first two harvests. Rate of slurry applied and its characteristics at each application are presented in Tables 1 and 2, respectively. The proportion of the annual amount that was applied on each date was weighted towards the spring application. Applications in 2005 and the first in 2006 were by trailing-shoe applicator (Buts Muelpas bv., Netherlands) fitted to an 8 m3 vacuum tanker (NC Engineering, Hamiltonsbawn, Northern Ireland). Thereafter, slurry was applied by a 9 m3 vacuum tanker and trailing-shoe (Abbey Farm Equipment, County Tipperary, Ireland).  Average daily weather data on the day of application and during the following two days are presented in Table 3. 

Plots were harvested with a Haldrup plot harvester (J. Haldrup a/s, Løgstør, Denmark) on 7 June, 26 July and 27 September 2005, 30 May, 19 July and 4 October 2006, 14 May, 26 June, 23 August and 4 October 2007 and 15 May, 4 July and 22 August 2008. Cutting height was 4 cm. After the forages had been cut and weighed, subsamples were taken for determination of dry matter and nitrogen content (samples taken in 2005 dried at 60oC for 48 h, otherwise drying temperature was 100oC for 24 h) and botanical analyses. Nitrogen content in samples was determined by the kjeldahl method except for those taken in 2008 when they were determined by the Dumas method.

Soil samples were taken from each plot in January/February each year to a depth of 15cm. These samples were collected using a soil corer, with ten samples taken within each plot. The core samples were divided to represent soil from two depths (0-7.5cm and 7.5-15.0cm) for subsequent analysis for pH, phosphorus (P), potassium (K), magnesium (Mg) and sulphur (S). Soil pH, and contents of P (as phosphorus extractable by sodium bicarbonate i.e. Olsen P), K, Mg and S were determined by standard methods.
Dry matter yield response for each forage treatment at a given slurry rate was calculated from difference between observation for that plot and the appropriate plot receiving no slurry, divided by the amount of slurry (or nitrogen in the slurry) applied.

Differences between means were tested for significance by analysis of variance using GenStat Release 12.1, PC/Windows XP using a split plot model. Distribution of annual content of sown species was normalised by arcsine transformation. Data for red clover plots were omitted from the analysis of sown species means for 2007 and 2008 as their inclusion resulted in the distribution of data remaining skewed when subjected to a range of transformations.
Results

The effects of slurry rate, forage type and interaction on dry matter production were very highly significant in all years except the interaction in 2007 when it was highly significant (Table 4). Meaned over all forage types over the four years, the DM response to slurry was 50 kg DM m-3, increasing from 45 to 55 kg m-3 over the 4 years. The significant interaction between slurry rate and forage type on total DM yield (P<0.001) was due mainly to the five grass-only swards responding much more positively to slurry than the forages containing clovers. Generally, when no slurry was applied, the two perennial ryegrass swards produced significantly lower yields than the other three grass forages. Red clover consistently, and grass white clover in the last year, had higher annual dry matter yields than all of the other forages. Annual yields declined after the second year. The mean response to slurry for the grass forages was 61 kg DM m-3 slurry compared with 27 kg m-3 for grass/white clover and 19 kg m-3 for red clover.

Slurry had no significant effect on proportion of sown species and the interaction between slurry and forage type was not significant (Table 5). Red clover was not included in the statistical analyses for the last two years as the data could not be normalised when subjected to a range of transformations. In all years the proportion of sown species in total annual dry matter was very highly significant due mainly to Italian ryegrass having a particularly high sown species content. Other than red clover swards, the proportion of sown species in annual dry matter remained high.

In the first two years white clover content was significantly reduced by slurry application, independent of slurry rate (P = 0.03 and  P= 0.002, respectively, Table 6). Red clover content was not significantly affected by slurry application, with the highest and lowest mean content in annual dry matter production of 0.89 and 0.71, respectively.

In the low input mixture, content of none of the three sown components measured responded significantly to slurry in Year 1, although there was a trend, close to significance, for timothy content to decline with increasing slurry application (P = 0.06, Table 6). Over the four years of the trial, while the composition of the mixture remained relatively stable when no slurry was applied, with higher rates of slurry application, cocksfoot content increased progressively.  Over the four years, it increased in the High slurry treatment from 0.13 of annual production in Year 1 to 0.79 in Year 4. Consequently other constituents declined, with perennial ryegrass content declining from 0.44 to 0.13, timothy content from 0.37 to 0.05 and meadow fescue from 0.017 (in Year 2) to 0.006 in the High slurry rate treatment.

Averaged over all forages, rate of slurry had a very highly significant effect on nitrogen harvested each year (P < 0.001, Table 7). In all years, over all slurry treatments, forage type had a very highly significant effect on harvestable N (P < 0.001), mainly due to the high N yield harvested in zero slurry treatments in legume treatments. Other than in the third year, interaction between forage and slurry rate was significant (P < 0.001 in years 1 and 2 and P = 0.06 in year 4). The ranking of grass forage types according to the yield of N was broadly similar when no slurry was applied and at the high slurry rate.  In the first two years LIM produced significantly more harvestable N when no slurry was applied than diploid and tetraploid perennial ryegrass with the other two ryegrasses having N yields generally closer to LIM than perennial ryegrass. The interaction was mainly due to slurry having a low effect on harvested N in the clover forages compared with the grass forages.

Forages differed significantly in the calculated yield of slurry N recovered in all years (P < 0.001 except in Year 3 P = 0.001, Table 8). Although the principal cause was the low apparent recovery of slurry N in clover treatments, Italian ryegrass also had a low recovery rate. The significant interaction between slurry rate and forage type in yield of slurry N recovered in the first two years (P = 0.006 and 0.01, respectively) was due mainly to red clover, and to a lesser extent grass/white clover swards,  having a lower proportion of recovered slurry N at higher slurry rates.

Mean annual response of dry matter to slurry N varied widely from year to year with the response in 2006 for some of the grass forages reaching double that of other years (Table 9). In the first year annual DM response was higher at the two lower rates of slurry application (P = 0.16), while by the fourth year and over all years, response of DM to the lowest rate was highly significantly greater than to the other two rates (P = 0.004 and 0.003, respectively). Response of dry matter production among the forages was very highly significantly different each year and over all years. This was mostly due to the clover swards responding less to slurry N than the grass forages; however, the response of grass-white clover in Year 1 was about two thirds the average for the grass swards and in Year 3, response of red clover was not significantly lower than for LIM.

Apparent proportion of slurry N recovered was significantly affected by rate of application only in the fourth year (P = 0.044) and almost so (P = 0.057) when averaged over the four years, being higher at the lowest than the other two rates of application (Table 10). Apparent recovery of slurry N was significantly affected by forage type in all years and averaged over all years  (P < 0.001 except P = 0.004 in Year 3) with the clover swards having significantly lower apparent recovery of slurry N than the other forage treatments. Within the grass forages, recovery of slurry N by LIM was particularly high in Year 1, while in subsequent years Italian tended to have the lowest (sometimes significantly) recovery of N. Excluding the clover treatments annual average apparent recovery was lowest in the first year (0.23 of applied N) and highest in the second year (0.51). 

The average apparent recovery of slurry nitrogen at the harvest following each application over the four years (except in 2007 when recovery was estimated over two harvests after the third application in that year) is presented in Table 11. Proportion of slurry N recovered in the application after the first harvest each year was the lowest of the three applications, reaching less than half of the proportion of the other two applications, averaged over all treatments. Slurry rate had no effect on proportion of apparent N recovery at this application, while the lowest rate had a significantly higher recovery rate at the first (P = 0.017) and almost so at the third (P = 0.056) application than the other two application rates. At the first application, apparent recovery of applied N was as high in grass/white clover as for Italian ryegrass. However at the other two applications, apparent recovery of applied N was much lower for clovers than the other forages.

Averaged over all forages crude protein content of herbage harvested was not affected significantly by slurry application but forage type, in all four years, and the interaction, in the first two years, were very highly significant (P < 0.001, Table 12). Over all slurry treatments, the clover forages had significantly higher crude protein content than the other forages with red clover having a higher content than grass/white clover. Of the grasses, LIM had either the highest (in the first two years) or was in the group with highest crude protein content, shared with the two perennial ryegrasses in Years 3 and 4. Italian ryegrass had consistently the lowest content. The significant interaction in the first two years was mainly due to the negative effect of slurry on crude protein content of the two legume forages negating the positive response of the grasses.

The impact of slurry application on soil pH was significant in the latter two years in the upper soil layer, and in the lower layer in the last year, pH increasing at higher rates of slurry particularly in those years (P = 0.012 and <0.001, Table 13). Forage had a significant effect (P < 0.001) in both layers in all years, with red clover causing a marked reduction on soil pH in both layers, exacerbated with time. Grass/white clover also caused a reduction in soil pH in both layers, while the difference between grasses was mainly due to LIM having higher pH than the perennial and hybrid ryegrasses. The interaction was not significant.

Soil phosphorus was not significantly affected by slurry in either layer in any of the four years (Table 14). Forage had a significant effect in the last 3 years in the upper layer ( P = 0.01 to 0.03) and Year 2 in the lower layer (P < 0.001) due to red clover having consistently the highest soil P and significantly higher than white clover, tetraploid perennial ryegrass, LIM and hybrid ryegrass in most of these years.

Soil potassium content was significantly affected by slurry in all 4 years in the upper layer (P < 0.001) and in Years 2 to 4 in the lower layer (P = 0.019, 0.005 and <0.001, respectively, Table 15). Averaged over the 4 years, the highest application of slurry increased soil K by 101 mg l-1 in the upper horizon and by 47 mg l-1 in the lower layer. The very highly significant effect of forage type in both layers over most years was due to soil under LIM having consistently the highest K content. This also accounted for the interaction when it was significant as the response of soil K under LIM was consistently highest of all forages for the upper layer of soil and lowest under grass/white clover in the Year 1 and hybrid ryegrass in Years 3 and 4 (interaction was not significant in Year 2). In the lower layer, the contrast was greatest between LIM and hybrid ryegrass in the two years (3 and 4) that the interaction was significant.

The positive response of soil Mg to slurry was significant in the upper layer from Year 2 (P = 0.033, 0.004 and < 0.001, respectively) and in Year 4 (P = 0.01) in the lower layer, with the response to the low rate being the highest in all instances (Table 16). Forage type had a significant effect each year in both layers (P = 0.011 to <0.001 in the upper layer and 0.02 to < 0.001 in the lower layer). Soil under LIM had either the highest or among the highest content of Mg while that under red clover was the lowest. However Mg content in other forage soils did not follow a consistent pattern in either layer.

Slurry rate had a significantly positive influence on soil sulphur content only in the upper layer and restricted to Years 1 and 4 (P = 0.02 and < 0.001, respectively, Table 17). However, forage type influenced soil sulphur content significantly in both layers in all years (P  < 0.001 in the upper layer and P = 0.005 to < 0.001 in the lower layer). Sulphur content in the top layer of soil under grass/white clover was consistently significantly higher than that under all other forages except for red clover. In the first two years sulphur content of LIM soil was significantly lower than most other forage soils, by the fourth year sulphur content was broadly similar for soil under grass forages. In contrast, in the lower layer, soil under red clover had the highest sulphur content, significantly higher than all other forage soils during the first three years and the four ryegrass forages in Year 4.

Discussion

The differing responses of forages to slurry, whether presented in terms of DM response to volume of slurry applied or to N in slurry or of apparent N recovered, were due principally to whether the forage included legume. These responses can be interpreted as confirming that nitrogen was the principal limiting nutrient. The contribution of legumes to total harvested nitrogen (nitrogen fixation determined by difference) is the difference between nitrogen harvested by grass/white clover or red clover and by a corresponding non-legume forage, representing mineral nitrogen available potentially taken up by the forage containing legume (Marriot and Haystead, 1993). For grass/white clover, the mean for the diploid and tetraploid perennial ryegrass forages is taken as the appropriate non-fixing forage as the clover was sown with a mixture of one cultivar of each. However, red clover was sown on its own and so the calculation of difference between N harvested in red clover and in an appropriate non-legume forage is repeated for the lowest and highest N-yielding; so the legume-N contribution for red clover is presented as a range. Thus, averaged over the four years in the zero slurry treatment, white clover contributed 152 kg N ha-1 annum-1 and red clover 227-259 kg N ha-1 annum-1. The corresponding estimates under the high slurry treatment were 93 and 140-188 kg N ha-1 annum-1 respectively. This decline in legume nitrogen in response to slurry was partly due to reduced legume content in the swards, a classical response of legumes in combination with grass to increased nitrogen fertilisation (e.g. Frame and Newbould, 1986). However, the estimated N contribution by white clover relative to yield of the legume component was 48 kg N t-1  clover DM in zero slurry and 38 kg N t DM-1  at a high slurry rate. This suggests that white clover was less efficient at fixing nitrogen at higher levels of slurry probably due to mineral nitrogen in slurry reducing nitrogen fixation rate (Sprent and Minchin, 1983).  These responses of legumes to soil mineral nitrogen explain the low DM and N responses to slurry relative to all-grass treatments. Similar low responses of legume/grass mixtures to slurry compared to responses of pure grass have been have been found for lucerne/grass mixtures (Min et al., 1999; Cherney et al., 2002). Although not significant, the weed content in red clover plots receiving the highest rate of slurry had a higher weed content, concurring with previous findings of red clover plots receiving slurry (Gracey, 1981) and fertiliser nitrogen (Frame et al., 1976).  The low response to slurry by red clover is similar to the scale of response to nitrogen fertiliser, the higher the content of red clover, the lower the response (Frame, 1990).

The ranking of performance of all-grass forages differed depending on whether dry matter production, dry matter response to slurry nitrogen or slurry nitrogen recovery were considered.  Italian ryegrass was consistently the highest yielding of the all-grass forages over the four years, although its DM response to slurry N was similar to the other all-grass forages and the apparent recovery of slurry N was the lowest in that species of the all-grass swards. This resulted in Italian ryegrass having a low crude protein content. Tomic et al. (2002) also found Italian ryegrass to have a low crude protein content in comparison to some other temperate grasses. The highest rate of slurry tended to increase CP content by 10 to 15 g kg-1  in all-grass forages while it reduced CP content in red clover by about 7 to 15 g kg-1.

The application of slurry had only a minor influence on the content of total sown species, and hence on the content of unsown species. However, the relative proportion of components of sown species within a mixture was affected as has already been discussed for perennial ryegrass/white clover but also for the component grass species in the low input mixture.  Cocksfoot was clearly the most aggressive of the grasses when slurry was applied, while at zero slurry timothy contributed most to yield. Although it is possible that other factors associated with slurry application may have promoted cocksfoot’s growth, it is likely that it was responding to the increase in supply of nitrogen. In a cutting trial in south east Ireland in which perennial ryegrass, cocksfoot and red and white clover, receiving 150 kg N ha-1 year-1, were grown in mixture, cocksfoot soon dominated the mixture (Connolly et al., 2009). In an experiment in which a sward which was originally perennial ryegrass, had received a range of slurry rates for almost forty years, perennial ryegrass content declined in response to slurry application, and was apparently less able to utilise N and P in slurry than in inorganic fertiliser compared to the main invasive grass species in the sward (Liu et al., 2010). So despite the high fertility conditions which would be expected to favour perennial ryegrass, this species seems not to be competitive under a slurry regime. While in the long term slurry experiment, smothering by simulated splash plate application was suggested as a disadvantage to perennial ryegrass, trailing-shoe application in this trial should have avoided smothering.

Although there is a wealth of data indicating that efficiency in slurry usage and apparent nitrogen recovery are lowest in summer (Lalor and Schulte, 2008), over all four years, the application after the first silage cut in late May or early June in this study was the least efficient in terms of apparent nitrogen recovery, while that after the second cut was on average as efficient as the spring application. Of course, the results from each of the three applications each year to the same sward cannot be compared to the results from a single annual application to swards at different times in the season, the latter providing independent estimates of the effect of season of application on efficiency of slurry use. Nevertheless, the findings provide an indication of the poor response to slurry after the first silage cut, especially if a heavy crop is removed. Regrowth is slow after heavy crops have been harvested and yields were high in this trial, especially in the earlier years of the trial. So there may have been opportunity for ammonia loss if plant uptake was slow. Furthermore, recent research has identified that nutrient losses can be high when slurry is applied immediately post-cutting, which was the case in this study, compared to delaying application for 10 or 20 days post-cutting (McConnell et al., 2011). Conditions at and immediately subsequent to application may have also contributed to particularly low slurry use efficiency when applied in May-early June.  Under Irish conditions, about 60% of ammonia loss from application by trailing-shoe is volatilised after the first 24 hours while at least a further 20% volatilizes in the following 24 hours (Dowling et al., 2008). High irradiance and low rainfall, i.e. conditions promoting drying of slurry, tend to increase ammonia volatilisation (Huijsmans et al., 2003). In this study, although wind speed was not measured, average irradiance levels during the periods of application in late spring (8.2 MJ m-2 day-1) and in mid summer (7.6 MJ m-2 day-1) were within 10% of each other and average air temperature was actually higher at the mid-summer application (application after the second silage cut) by almost 3oC.  The lower average rainfall during the May-June application, 1.6 mm day-1 compared to 4.9 mm day-1 for the mid-summer application, may also have contributed to a higher loss of ammonia and lower apparent nitrogen recovery in the earlier application date.

The overall apparent mean recovery of slurry N on all-grass treatments for the four years was 0.35 of slurry N applied. This ranged from 0.25 for Italian ryegrass to 0.4 for the low input mixture. These are within the range expected of recoveries when slurry is either band-spread or applied by trailing-shoe and fall between recoveries when slurry is applied by shallow injection or splash plate (Mattila et al., 2003; Schils and Kok, 2003; Frost et al., 2007; Groot et al., 2007; Carter et al., 2010). The placing of slurry within the sward on the soil surface is considered to be a factor in the reduction of ammonia loss by volatilisation, which can be reduced by a half compared to splash plate application (Smith et al., 2000).

Contrary to other studies in which long term application of slurry resulted in the decline in soil pH (e.g. Liu, et al., 2010, especially with pig slurry) in this experiment over four years of application, pH increased in all of the all-grass treatments. A possible explanation is the oxidation of volatile fatty acids in the slurry (Sorensen, 1998). Contrary to the all-grass plots, pH declined in plots with legumes, especially the red clover plots, including plots receiving slurry. During the process of nitrogen fixation, protons are released from root nodules and will have an acidifying effect on the soil (Bolan et al., 1991). The release of protons during active uptake of cations, in order to maintain ionic balance, might also acidify soil.

The mineral composition of the slurry was not determined at the time of each application.  Typical available elemental content of dairy manure on a kg m-3 basis is 0.3, 2.4, 0.3 and 0.4 for P, K, Mg and S, respectively (DEFRA, 2010). This range of contents is broadly similar to the content of herbage DM in g kg-1. So 10 m3 of slurry should approximately balance the off-take of P, K, Mg and S in 1 t DM (Whitehead, 1995). At the start of the experiment soil P was ADAS index 4 and remained at that status irrespective of slurry treatment throughout the experiment. Soil under red clover had a higher P content than that under the other crops. The reason for this is not clear considering that clover has a high requirement for phosphate and tends to have a higher content of P than grasses.
The concentration of K in soil at the commencement of treatments was low (index 2-) and declined in the zero slurry treatment to index 1. However, by the end of the experiment K status of soil under some of the forages in the high slurry treatment had reached index 2+, suggesting that slurry was supplying sufficient K to maintain, and gradually accumulate in the soil. Magnesium was initially at index 3 and increased to index 4, firstly at the higher slurry levels and then in all three slurry treatments by the fourth year.

Sulphur levels were higher in soil under the legumes than the other forages. This suggests that the legumes took up least S or possibly the lower soil pH under legumes increased S availability (Donald et al., 1999).

Conclusion 

On soils with a high P content, response of DM production and slurry nitrogen recovery to annual rates of slurry (at least up to 90 m3 ) will be lowest in swards containing legumes and lower on Italian ryegrass than perennial ryegrass swards. The low input mixture responded particularly well to slurry, possibly due to the benefit to biomass production of mixtures of grasses and a high content of cocksfoot. Therefore, to maximise use of slurry N, perennial or hybrid ryegrass or grass species mixtures should be given the highest priority in a slurry spreading programme. While P and K in slurry could make an important contribution to the requirements of grass/white clover or red clover, the poor apparent nitrogen recovery when applied to clover swards should be taken into account when planning slurry application..
The consistently poor response to slurry when applied after the first silage cut in this study is contrary to the advice and findings from other studies. Meteorological conditions and state of the sward should be taken into account in addition to a calendar date within the open period for slurry application when deciding on the optimum time to apply slurry. 
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Table 1
Rate of slurry applied (m3 ha-1) at each application date

	Date of application
	Low
	Medium
	High

	11 April 2005
	15.7
	31.9
	46.1

	9 June 2005
	11.2
	21.4
	29.4

	2 August 2005
	6.6
	12.5
	19.9

	
	33.5
	65.8
	95.4

	23 March 2006
	12.5
	25.0
	37.5

	13 June 2006
	8.0
	12.5
	18.9

	28 July 2006
	22.5
	33.3
	53.4

	
	43.0
	70.8
	109.8

	28 March 2007
	12.5
	25.0
	37.5

	17 May 2007
	9.0
	13.2
	18.1

	11 July 2007
	9.0
	13.5
	19.1

	
	30.5
	51.7
	74.7

	28 February 2008
	13.8
	26.7
	38.0

	21 May 2008
	6.0
	12.5
	19.0

	4 July 2008
	8.3
	12.4
	19.9

	
	28.1
	51.6
	76.9

	Average
	33.8
	60.0
	89.2


Table 2
Chemical composition of slurry applied at each application
	
	Application
	Ammonium (mg g-1)
	Nitrogen 
(mg g-1)
	pH
	Dry matter (mg g-1)

	2005
	1
	2.54
	3.35
	7.22
	61.2

	
	2
	6.19
	4.38
	7.46
	85.8

	
	3
	2.15
	3.57
	7.38
	78.4

	2006
	1
	2.09
	2.47
	8.07
	32.9

	
	2
	2.19
	3.67
	7.12
	82.7

	
	3
	1.22
	1.48
	7.69
	18.7

	2007
	1
	1.87
	2.74
	7.56
	56.9

	
	2
	3.48
	5.78
	7.69
	94.3

	
	3
	2.33
	3.74
	7.10
	96.8

	2008
	1
	2.15
	4.07
	7.65
	87.5

	
	2
	2.55
	4.64
	7.76
	97.7

	
	3
	2.51
	4.42
	7.34
	99.5


Table 3
Average daily air and soil temperature, rainfall and photosynthetically active radiation (PAR) for each 3-day period from (and including) date of slurry application
	
	Application
	Air 
(°C)
	Soil 
(°C)
	Rain 
(mm day-1)
	PAR 
(MJ m-2 day-1)

	2005
	1
	8.8
	8.6
	0.4
	6.0

	
	2
	13.7
	16.5
	0.0
	9.1

	
	3
	14.8
	14.1
	1.2
	8.6

	2006
	1
	4.4
	3.8
	4.4
	5.0

	
	2
	13.4
	17.1
	0.0
	9.5

	
	3
	18.5
	17.0
	5.5
	7.8

	2007
	1
	5.6
	5.3
	1.4
	4.4

	
	2
	12.4
	12.9
	3.8
	6.5

	
	3
	14.4
	15.6
	1.8
	5.9

	2008
	1
	7.5
	5.8
	2.3
	2.9

	
	2
	11.9
	12.4
	0.0
	7.8

	
	3
	14.0
	14.8
	11.0
	8.0


Table 4
Total annual production of dry matter (t ha-1) from three harvests in each year, except 2007 which had four harvests

	
	
	Forage
	
	
	
	

	
	Slurry
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	Mean
	Factor
	Prob
	s.e.d.

	2005
	None
	8.4
	8.5
	9.4
	10.7
	9.9
	11.6
	17.8
	10.9
	
	
	

	
	Low
	10.2
	10.4
	11.9
	12.9
	12.3
	13.1
	18.0
	12.7
	Slurry
	<0.001
	0.30

	
	Medium
	12.5
	12.4
	13.6
	16.1
	13.7
	14.3
	17.2
	14.3
	Forage
	<0.001
	0.25

	
	High
	12.8
	13.2
	13.9
	15.4
	14.3
	14.4
	17.9
	14.6
	Interaction
	<0.001
	0.55

	
	Mean
	11.0
	11.1
	12.2
	13.8
	12.5
	13.3
	17.7
	
	
	
	

	2006
	None
	8.9
	8.6
	11.5
	12.0
	11.6
	12.8
	16.5
	11.7
	
	
	

	
	Low
	12.4
	13.1
	14.7
	14.8
	14.7
	14.5
	17.4
	14.5
	Slurry
	<0.001
	0.42

	
	Medium
	12.8
	13.4
	16.1
	15.7
	16.2
	14.8
	17.9
	15.3
	Forage
	<0.001
	0.28

	
	High
	15.0
	15.4
	17.1
	16.3
	17.4
	15.3
	17.5
	16.3
	Interaction
	<0.001
	0.66

	
	Mean
	12.3
	12.6
	14.8
	14.7
	15.0
	14.4
	17.3
	
	
	
	

	2007
	None
	7.3
	7.4
	8.9
	11.0
	8.5
	11.7
	10.9
	9.4
	
	
	

	
	Low
	10.2
	10.3
	11.8
	13.2
	10.4
	12.3
	12.5
	11.5
	Slurry
	<0.001
	0.43

	
	Medium
	9.7
	10.6
	12.2
	14.1
	11.0
	12.9
	12.9
	11.9
	Forage
	<0.001
	0.23

	
	High
	11.7
	10.8
	13.1
	14.7
	12.4
	12.9
	13.3
	12.7
	Interaction
	0.001
	0.61

	
	Mean
	9.7
	9.8
	11.5
	13.3
	10.5
	12.4
	12.4
	
	
	
	

	2008
	None
	4.7
	5.1
	6.1
	7.7
	5.7
	9.2
	10.2
	7.0
	
	
	

	
	Low
	7.6
	7.9
	9.3
	10.6
	8.4
	9.7
	11.2
	9.2
	Slurry
	<0.001
	0.30

	
	Medium
	7.6
	7.7
	9.0
	11.2
	9.3
	10.7
	11.3
	9.6
	Forage
	<0.001
	0.21

	
	High
	9.4
	8.9
	10.9
	11.4
	10.8
	11.3
	11.6
	10.6
	Interaction
	<0.001
	0.49

	
	Mean
	7.4
	7.4
	8.8
	10.2
	8.5
	10.2
	11.1
	
	
	
	

	Annual average
	None
	7.3
	7.4
	9.0
	10.4
	8.9
	11.3
	13.8
	9.7
	
	
	

	
	Low
	10.1
	10.4
	11.9
	12.9
	11.4
	12.4
	14.8
	12.0
	Slurry
	<0.001
	0.19

	
	Medium
	10.7
	11.0
	12.7
	14.3
	12.6
	13.2
	14.9
	12.8
	Forage
	<0.001
	0.16

	
	High
	12.3
	12.1
	13.8
	14.5
	13.7
	13.5
	15.1
	13.5
	Interaction
	<0.001
	0.35

	
	Mean
	10.1
	10.2
	11.8
	13.0
	11.7
	12.6
	14.6
	
	
	
	


Table 5
Mean and transformed annual content of sown species in annual harvested dry matter (proportion of dry matter)
	
	
	Slurry rate
	
	Slurry rate
	
	Interaction

	
	
	None
	Low
	Medium
	High
	
	Prob
	s.e.d.
	
	Prob
	s.e.d.

	2005
	Mean
	0.93
	0.92
	0.93
	0.93
	
	
	
	
	
	

	
	arcsine
	1.25
	1.23
	1.26
	1.26
	
	0.87
	0.039
	
	0.11
	0.066

	2006
	Mean
	0.98
	0.98
	0.97
	0.97
	
	
	
	
	
	

	
	arcsine
	1.41
	1.41
	1.38
	1.42
	
	0.45
	0.027
	
	0.81
	0.066

	2007
	Mean
	0.95
	0.96
	0.97
	0.99
	
	
	
	
	
	

	
	arcsine
	1.28
	1.33
	1.28
	1.32
	
	0.33
	0.029
	
	0.07
	0.090

	2008
	Mean
	0.90
	0.89
	0.89
	0.90
	
	
	
	
	
	

	
	arcsine
	1.16
	1.17
	1.17
	1.19
	
	0.92
	0.039
	
	0.71
	0.093

	
	
	Forage
	
	
	

	
	
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	
	Prob.
	s.e.d.

	2005
	Mean
	0.91
	0.96
	0.98
	1.00
	0.92
	0.96
	0.80
	
	
	

	
	arcsine
	1.16
	1.29
	1.37
	1.51
	1.18
	1.31
	0.93
	
	<0.001
	0.029

	2006
	Mean
	0.98
	0.98
	0.99
	1.00
	0.99
	0.99
	0.89
	
	
	

	
	arcsine
	1.41
	1.42
	1.45
	1.53
	1.48
	1.43
	1.13
	
	<0.001
	0.033

	2007
	Mean
	0.95
	0.96
	0.97
	0.99
	0.99
	0.96
	0.78
	
	
	

	
	arcsine
	1.29
	1.32
	1.36
	1.45
	1.44
	1.34
	†
	
	<0.001
	0.046

	2008
	Mean
	0.85
	0.91
	0.92
	0.97
	0.97
	0.94
	0.69
	
	
	

	
	arcsine
	1.06
	1.18
	1.21
	1.37
	1.35
	1.25
	†
	
	<0.001
	0.046


† Red clover not included in last two years as data could not be normalised

Table 6
Mean proportion of red clover, of white clover component in perennial ryegrass/white clover mixture and of each component species in LIM mixture, in total annual dry matter produced

	
	Slurry rate
	
	

	
	None
	Low
	Medium
	High
	Prob
	s.e.d.

	Proportion of Red clover
	
	
	
	
	
	

	2005
	0.80
	0.86
	0.80
	0.75
	0.41
	0.056

	2006
	0.93
	0.89
	0.89
	0.85
	0.65
	0.061

	2007
	0.89
	0.82
	0.72
	0.72
	0.25
	0.092

	2008
	0.77
	0.73
	0.66
	0.66
	0.75
	0.122

	Proportion of White clover
	
	
	
	
	
	

	2005
	0.31
	0.19
	0.12
	0.18
	0.03
	0.047

	2006
	0.23
	0.12
	0.11
	0.10
	0.002
	0.026

	2007
	0.28
	0.22
	0.33
	0.28
	0.23
	0.047

	2008
	0.23
	0.19
	0.16
	0.18
	0.19
	0.029

	Proportion of each species in LIM mixture
	
	
	
	
	
	

	Perennial ryegrass
	
	
	
	
	
	

	2005 †
	0.33
	0.44
	0.44
	0.44
	0.46
	0.076

	2006
	0.24
	0.25
	0.26
	0.16
	0.31
	0.057

	2007
	0.31
	0.38
	0.21
	0.13
	0.002
	0.046

	2008
	0.36
	0.24
	0.23
	0.13
	0.01
	0.054

	Cocksfoot
	
	
	
	
	
	

	2005
	0.07
	0.09
	0.10
	0.13
	0.47
	0.033

	2006
	0.19
	0.31
	0.35
	0.49
	0.01
	0.063

	2007
	0.13
	0.28
	0.53
	0.60
	<0.001
	0.081

	2008
	0.13
	0.57
	0.61
	0.79
	<0.001
	0.098

	Timothy
	
	
	
	
	
	

	2005
	0.51
	0.40
	0.35
	0.37
	0.061
	0.053

	2006
	0.55
	0.40
	0.34
	0.34
	0.002
	0.042

	2007
	0.51
	0.30
	0.23
	0.25
	0.014
	0.075

	2008
	0.43
	0.14
	0.12
	0.05
	<0.001
	0.051

	Meadow fescue
	
	
	
	
	
	

	       2005
	-
	-
	-
	-
	
	

	2006
	0.023
	0.031
	0.040
	0.017
	0.075
	0.0080

	2007
	0.030
	0.038
	0.023
	0.014
	0.202
	0.0106

	2008
	0.038
	0.032
	0.016
	0.006
	0.037
	0.0098


† Proportion of perennial ryegrass includes meadow fescue in 2005

Table 7
Annual yield of nitrogen harvested (kg N ha-1)

	
	
	Forage
	
	
	
	

	
	Slurry
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	Mean
	Factor
	Prob
	s.e.d.

	2005
	None
	106
	98
	108
	114
	133
	235
	429
	175
	
	
	

	
	Low
	127
	125
	142
	135
	177
	244
	447
	199
	Slurry
	<0.001
	5.0

	
	Medium
	167
	158
	163
	166
	208
	245
	420
	218
	Forage
	<0.001
	5.1

	
	High
	179
	180
	176
	176
	215
	259
	428
	230
	Interaction
	<0.001
	10.7

	
	Mean
	145
	140
	147
	148
	183
	246
	431
	
	
	
	

	2006
	None
	124
	116
	138
	143
	169
	276
	397
	195
	
	
	

	
	Low
	178
	187
	206
	178
	228
	296
	417
	242
	Slurry
	<0.001
	8.1

	
	Medium
	189
	199
	212
	192
	260
	295
	407
	250
	Forage
	<0.001
	5.7

	
	High
	235
	237
	259
	210
	289
	291
	400
	274
	Interaction
	<0.001
	13.3

	
	Mean
	181
	185
	204
	181
	236
	289
	405
	
	
	
	

	2007
	None
	118
	118
	142
	142
	144
	299
	334
	185
	
	
	

	
	Low
	170
	169
	181
	165
	184
	306
	352
	218
	Slurry
	<0.001
	6.6

	
	Medium
	164
	179
	191
	183
	196
	335
	344
	227
	Forage
	<0.001
	7.8

	
	High
	210
	192
	214
	200
	231
	336
	361
	249
	Interaction
	0.324
	15.8

	
	Mean
	165
	165
	182
	172
	189
	319
	347
	
	
	
	

	2008
	None
	72
	77
	85
	96
	96
	215
	291
	133
	
	
	

	
	Low
	128
	134
	141
	138
	151
	240
	313
	178
	Slurry
	<0.001
	7.24

	
	Medium
	129
	133
	136
	150
	172
	260
	297
	182
	Forage
	<0.001
	6.62

	
	High
	171
	163
	179
	156
	201
	282
	307
	208
	Interaction
	0.006
	14.23

	
	Mean
	125
	127
	135
	135
	155
	249
	302
	
	
	
	

	Annual average
	None
	105
	102
	118
	124
	136
	256
	363
	172
	
	
	

	
	Low
	151
	154
	167
	154
	185
	271
	382
	209
	Slurry
	<0.001
	4.0

	
	Medium
	162
	167
	175
	173
	209
	284
	367
	220
	Forage
	<0.001
	4.2

	
	High
	199
	193
	207
	186
	234
	292
	374
	241
	Interaction
	<0.001
	8.8

	
	Mean
	154
	154
	167
	159
	191
	276
	371
	
	
	
	


Table 8
Calculated yield of applied slurry nitrogen recovered per annum in harvested crop (kg ha-1) (this is equivalent to apparent slurry nitrogen recovered)
	
	
	Forage
	
	
	
	

	
	Slurry rate
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	Mean
	Factor
	Prob
	s.e.d.

	2005
	Low
	21.3
	26.7
	33.8
	21.3
	43.2
	9.0
	17.7
	24.7
	Slurry
	0.001
	4.46

	
	Medium
	60.5
	59.3
	55.0
	52.6
	74.7
	10.5
	-9.0
	43.4
	Forage
	<0.001
	7.04

	
	High
	72.6
	81.6
	68.5
	62.3
	81.1
	24.9
	-1.1
	55.7
	Interaction
	0.006
	12.14

	
	Mean
	51.5
	55.9
	52.4
	45.4
	66.3
	14.8
	2.5
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	2006
	Low
	54.4
	70.9
	68.2
	35.1
	59.1
	20.6
	20.2
	46.9
	Slurry
	0.03
	9.37

	
	Medium
	64.9
	83.3
	73.7
	49.0
	90.7
	19.4
	10.0
	55.9
	Forage
	<0.001
	8.56

	
	High
	111.3
	121.5
	120.6
	67.4
	120.0
	15.7
	2.7
	79.9
	Interaction
	0.01
	16.62

	
	Mean
	76.9
	91.9
	87.5
	50.5
	89.9
	18.5
	11.0
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	2007
	Low
	52.4
	51.2
	39.5
	22.3
	40.1
	7.3
	18.0
	33.0
	Slurry
	0.007
	6.33

	
	Medium
	45.5
	61.1
	49.5
	40.5
	51.6
	35.7
	10.3
	42.0
	Forage
	0.001
	12.10

	
	High
	91.6
	74.4
	72.0
	58.1
	86.7
	37.3
	27.4
	63.9
	Interaction
	0.958
	20.41

	
	Mean
	63.2
	62.3
	53.6
	40.3
	59.5
	26.8
	18.6
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	2008
	Low
	56.2
	56.6
	56.4
	41.4
	55.0
	24.8
	21.9
	44.6
	Slurry
	0.017
	7.99

	
	Medium
	56.8
	56.1
	50.9
	54.1
	75.8
	45.2
	5.9
	49.3
	Forage
	<0.001
	7.69

	
	High
	99.1
	86.1
	94.0
	59.8
	105.5
	66.7
	16.0
	75.3
	Interaction
	0.173
	14.70

	
	Mean
	70.7
	66.2
	67.1
	51.8
	78.8
	45.6
	14.6
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Annual average
	Low
	46.1
	51.4
	49.5
	30.0
	49.4
	15.4
	19.5
	37.3
	Slurry
	<0.001
	4.17

	
	Medium
	56.9
	64.9
	57.2
	49.0
	73.2
	27.7
	4.3
	47.6
	Forage
	<0.001
	5.83

	
	High
	93.6
	90.9
	88.8
	61.9
	98.3
	36.2
	11.3
	68.7
	Interaction
	0.022
	10.24

	
	Mean
	65.5
	69.1
	65.2
	47.0
	73.6
	26.4
	11.7
	
	
	
	


Table 9
Annual DM response to slurry N (kg DM kg-1 N)

	
	Slurry rate
	
	Slurry rate
	
	
	Interaction

	
	Low
	Medium
	High
	
	Prob.
	s.e.d.
	
	
	Prob.
	s.e.d.

	2005
	14.2
	13.7
	10.4
	
	0.016
	0.98
	
	
	0.922
	4.04

	2006
	30.2
	22.9
	19.1
	
	0.072
	3.89
	
	
	0.741
	6.35

	2007
	17.8
	13.0
	11.9
	
	0.165
	2.82
	
	
	0.659
	4.82

	2008
	22.2
	14.0
	13.0
	
	0.004
	1.75
	
	
	<0.001
	3.06

	Average
	21.1
	15.9
	13.6
	
	0.003
	1.25
	
	
	0.242
	2.71

	
	Forage
	
	
	

	
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	
	Prob.
	s.e.d.

	2005
	14.6
	14.9
	16.7
	17.3
	15.4
	10.4
	-0.1
	
	<0.001
	2.44

	2006
	29.4
	35.7
	29.0
	24.0
	29.3
	13.7
	7.4
	
	<0.001
	3.13

	2007
	17.6
	17.4
	18.9
	15.8
	13.8
	5.2
	10.7
	
	<0.001
	2.44

	2008
	20.1
	18.4
	21.1
	19.8
	21.5
	6.6
	7.4
	
	<0.001
	1.57

	Average
	20.4
	21.6
	21.4
	19.2
	20.0
	9.0
	6.3
	
	<0.001
	1.50


Table 10
Apparent annual slurry nitrogen recovered as a proportion of nitrogen applied

	
	Slurry rate
	
	Slurry rate
	
	
	Interaction

	
	Low
	Medium
	High
	
	Prob.
	s.e.d.
	
	
	Prob.
	s.e.d.

	2005
	0.198
	0.177
	0.157
	
	0.321
	0.0242
	
	
	0.394
	0.0647

	2006
	0.502
	0.356
	0.331
	
	0.159
	0.0817
	
	
	0.986
	0.1345

	2007
	0.275
	0.215
	0.229
	
	0.308
	0.0368
	
	
	0.952
	0.1224

	2008
	0.435
	0.264
	0.268
	
	0.044
	0.0588
	
	
	0.681
	0.1006

	Average
	0.352
	0.253
	0.247
	
	0.057
	0.0383
	
	
	0.820
	0.0705

	
	Forage
	
	
	

	
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	
	Prob.
	s.e.d.

	2005
	0.207
	0.229
	0.229
	0.187
	0.293
	0.062
	0.034
	
	<0.001
	0.0374

	2006
	0.486
	0.598
	0.566
	0.322
	0.569
	0.136
	0.097
	
	<0.001
	0.0666

	2007
	0.333
	0.336
	0.280
	0.201
	0.303
	0.126
	0.100
	
	0.004
	0.0728

	2008
	0.401
	0.386
	0.386
	0.302
	0.439
	0.240
	0.101
	
	<0.001
	0.0509

	Average
	0.359
	0.389
	0.340
	0.258
	0.404
	0.144
	0.084
	
	<0.001
	0.0369


Table 11
Mean apparent recovery of N applied in slurry at harvest following application.  (Some of the N from previous applications may have influenced estimates of apparent recovery especially at harvests after the first application each year)
	
	Slurry rate
	
	Slurry rate
	
	
	Interaction

	Application
	Low
	Medium
	High
	
	Prob.
	s.e.d.
	
	
	Prob.
	s.e.d.

	1
	0.487
	0.319
	0.295
	
	0.017
	0.0500
	
	
	0.982
	0.1040

	2
	0.151
	0.133
	0.142
	
	0.882
	0.0341
	
	
	0.499
	0.0636

	3
	0.437
	0.306
	0.299
	
	0.056
	0.0497
	
	
	0.703
	0.1030

	
	Forage
	
	
	

	Application
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	
	Prob.
	s.e.d.

	1
	0.483
	0.467
	0.403
	0.278
	0.479
	0.322
	0.134
	
	<0.001
	0.0569

	2
	0.157
	0.210
	0.235
	0.188
	0.236
	-0.056
	0.023
	
	<0.001
	0.0334

	3
	0.425
	0.504
	0.457
	0.304
	0.506
	0.146
	0.091
	
	< 0.001
	0.0563


Table 12
Mean annual crude protein content in dry matter (g kg-1)

	
	
	Forage
	
	
	
	

	
	Slurry
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	Mean
	Factor
	Prob.
	s.e.d.

	2005
	None
	79
	72
	72
	66
	84
	127
	151
	93
	
	
	

	
	Low
	78
	75
	74
	66
	90
	117
	155
	94
	Slurry
	0.3
	2.2

	
	Medium
	83
	79
	75
	65
	95
	107
	152
	94
	Forage
	<0.001
	1.6

	
	High
	87
	85
	79
	71
	94
	113
	150
	97
	Interaction
	<0.001
	3.7

	
	Mean
	82
	78
	75
	67
	91
	116
	152
	
	
	
	

	2006
	None
	87
	84
	75
	75
	92
	135
	150
	100
	
	
	

	
	Low
	90
	89
	88
	75
	97
	128
	149
	102
	Slurry
	0.104
	1.9

	
	Medium
	92
	93
	82
	77
	100
	125
	142
	102
	Forage
	<0.001
	1.9

	
	High
	98
	96
	95
	80
	104
	119
	143
	105
	Interaction
	<0.001
	4.0

	
	Mean
	92
	91
	85
	77
	98
	126
	146
	
	
	
	

	2007
	None
	101
	99
	100
	81
	106
	160
	191
	120
	
	
	

	
	Low
	105
	102
	96
	78
	111
	156
	177
	118
	Slurry
	0.086
	1.8

	
	Medium
	105
	106
	98
	81
	111
	163
	166
	119
	Forage
	<0.001
	3.5

	
	High
	112
	112
	102
	85
	117
	163
	171
	123
	Interaction
	0.248
	6.7

	
	Mean
	106
	105
	99
	81
	111
	161
	176
	
	
	
	

	2008
	None
	95
	95
	87
	78
	106
	146
	179
	112
	
	
	

	
	Low
	105
	106
	95
	81
	112
	155
	173
	118
	Slurry
	0.089
	3.3

	
	Medium
	105
	108
	94
	84
	115
	152
	164
	118
	Forage
	<0.001
	3.1

	
	High
	113
	114
	103
	86
	116
	156
	165
	122
	Interaction
	0.245
	6.7

	
	Mean
	105
	106
	95
	82
	112
	152
	170
	
	
	
	

	Annual average
	None
	91
	88
	84
	75
	97
	142
	168
	106
	
	
	

	
	Low
	95
	93
	88
	75
	103
	139
	164
	108
	Slurry
	0.081
	1.9

	
	Medium
	96
	96
	87
	76
	105
	137
	156
	108
	Forage
	<0.001
	1.8

	
	High
	102
	102
	95
	81
	108
	138
	157
	112
	Interaction
	0.002
	3.9

	
	Mean
	96
	95
	88
	77
	103
	139
	161
	
	
	
	


Table 13
Mean pH of soil sampled a) to 7.5 cm, and b) from 7.5 to 15.0 cm in January of each year

	(a)
	Slurry rate
	
	Slurry rate
	
	Interaction

	
	None
	Low
	Medium
	High
	
	Prob.
	s.e.d.
	
	Prob.
	s.e.d.

	2006
	5.90
	5.98
	6.05
	6.01
	
	0.113
	0.056
	
	0.73
	0.073

	2007
	5.94
	6.00
	6.08
	6.08
	
	0.09
	0.060
	
	0.77
	0.072

	2008
	5.85
	5.93
	6.01
	6.03
	
	0.012
	0.044
	
	0.71
	0.060

	2009
	5.79
	5.96
	6.02
	6.07
	
	<0.001
	0.035
	
	0.73
	0.061

	Average
	5.87
	5.97
	6.04
	6.05
	
	0.01
	0.046
	
	0.698
	0.057

	
	Forage
	
	
	

	
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	
	Prob.
	s.e.d.

	2006
	6.02
	6.02
	6.01
	6.03
	6.01
	5.97
	5.84
	
	<0.001
	0.047

	2007
	6.04
	6.03
	6.03
	6.06
	6.11
	6.02
	5.89
	
	<0.001
	0.022

	2008
	5.98
	5.95
	5.98
	6.02
	6.08
	5.89
	5.78
	
	<0.001
	0.022

	2009
	5.98
	5.97
	5.98
	6.03
	6.06
	5.92
	5.77
	
	<0.001
	0.028

	Average
	6.01
	5.99
	6.00
	6.03
	6.06
	5.95
	5.82
	
	<0.001
	0.018

	(b)
	Slurry rate
	
	Slurry rate
	
	Interaction

	
	None
	Low
	Medium
	High
	
	Prob.
	s.e.d.
	
	Prob.
	s.e.d.

	2006
	5.93
	5.94
	6.05
	6.00
	
	0.38
	0.071
	
	0.38
	0.093

	2007
	5.96
	6.01
	6.08
	6.05
	
	0.41
	0.072
	
	0.50
	0.090

	2008
	5.93
	5.96
	6.05
	6.04
	
	0.18
	0.060
	
	0.52
	0.076

	2009
	5.81
	5.92
	5.96
	6.00
	
	0.03
	0.053
	
	0.94
	0.078

	Average
	5.91
	5.96
	6.04
	6.02
	
	0.21
	0.062
	
	0.74
	0.074

	
	Forage
	
	
	

	
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	
	Prob.
	s.e.d.

	2006
	6.00
	6.03
	6.01
	5.99
	6.01
	5.96
	5.85
	
	<0.001
	0.032

	2007
	6.04
	6.06
	6.09
	6.05
	6.10
	5.99
	5.86
	
	<0.001
	0.027

	2008
	6.01
	6.05
	6.03
	6.05
	6.09
	5.94
	5.81
	
	<0.001
	0.024

	2009
	5.94
	5.95
	5.96
	5.99
	6.03
	5.87
	5.71
	
	<0.001
	0.032

	Average
	6.00
	6.02
	6.02
	6.02
	6.06
	5.94
	5.81
	
	<0.001
	0.022


Table 14
Mean P content (mg l-1) in soil sampled, a) to 7.5 cm, and b) from 7.5 to 15.0 cm in January of each year

	(a)
	Slurry rate
	
	Slurry rate
	
	Interaction

	
	None
	Low
	Medium
	High
	
	Prob.
	s.e.d.
	
	Prob.
	s.e.d.

	2006
	57.0
	56.7
	61.9
	60.4
	
	0.28
	2.93
	
	0.169
	3.90

	2007
	57.4
	55.9
	61.3
	59.8
	
	0.48
	3.53
	
	0.314
	4.86

	2008
	55.7
	55.5
	57.7
	58.5
	
	0.72
	3.04
	
	0.232
	4.26

	2009
	59.7
	58.6
	61.9
	64.0
	
	0.37
	3.09
	
	0.441
	4.31

	Average
	57.5
	56.7
	60.7
	60.7
	
	0.46
	3.06
	
	0.177
	3.93

	
	Forage
	
	
	

	
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	
	Prob.
	s.e.d.

	2006
	58.1
	58.6
	58.8
	60.2
	58.0
	57.7
	61.6
	
	0.061
	1.38

	2007
	59.6
	56.7
	56.7
	59.9
	57.8
	57.5
	62.1
	
	0.030
	1.82

	2008
	58.3
	54.8
	56.4
	58.2
	55.8
	54.7
	59.9
	
	0.010
	1.63

	2009
	62.2
	58.8
	60.7
	61.3
	61.9
	58.4
	64.0
	
	0.012
	1.63

	Average
	59.6
	57.2
	58.2
	59.9
	58.4
	57.1
	61.9
	
	0.007
	1.33

	(b)
	Slurry rate
	
	Slurry rate
	
	Interaction

	
	None
	Low
	Medium
	High
	
	Prob.
	s.e.d.
	
	Prob.
	s.e.d.

	2006
	57.3
	57.3
	59.7
	58.3
	
	0.83
	2.94
	
	0.19
	4.32

	2007
	58.6
	56.5
	58.8
	59.1
	
	0.91
	3.95
	
	0.19
	5.12

	2008
	56.5
	56.3
	55.8
	57.2
	
	0.97
	3.05
	
	0.58
	4.45

	2009
	61.6
	59.6
	61.2
	62.7
	
	0.83
	3.27
	
	0.44
	4.67

	Average
	58.5
	57.5
	58.9
	59.3
	
	0.94
	3.15
	
	0.45
	4.22

	
	Forage
	
	
	

	
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	
	Prob.
	s.e.d.

	2006
	59.1
	56.8
	57.1
	60.3
	56.9
	57.7
	59.3
	
	0.267
	1.75

	2007
	59.8
	56.9
	55.3
	61.7
	56.1
	56.4
	61.6
	
	<0.001
	1.70

	2008
	58.0
	55.2
	55.7
	57.3
	55.0
	54.9
	59.2
	
	0.104
	1.79

	2009
	62.1
	60.0
	60.9
	62.0
	60.4
	58.8
	64.6
	
	0.058
	1.83

	Average
	59.7
	57.2
	57.2
	60.3
	57.1
	56.9
	61.2
	
	0.016
	1.52


Table 15
Mean K content (mg l-1) in soil samples a) to 7.5 cm, and b) from 7.5 to 15.0 cm in January of each year

	(a)
	
	Forage
	
	
	
	

	
	Slurry
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	Mean
	Factor
	Prob.
	s.e.d.

	2006
	None
	146
	147
	133
	122
	157
	183
	129
	145
	
	
	

	
	Low
	192
	141
	173
	231
	230
	197
	190
	193
	Slurry
	<0.001
	15.8

	
	Medium
	261
	266
	228
	216
	233
	220
	214
	234
	Forage
	0.014
	13.1

	
	High
	209
	263
	241
	260
	274
	265
	170
	240
	Interaction
	0.006
	28.1

	
	Mean
	202
	204
	194
	207
	223
	216
	176
	
	
	
	

	2007
	None
	83
	90
	75
	76
	86
	120
	96
	89
	
	
	

	
	Low
	130
	111
	117
	116
	156
	135
	140
	129
	Slurry
	<0.001
	10.5

	
	Medium
	152
	169
	144
	136
	206
	173
	157
	162
	Forage
	<0.001
	8.6

	
	High
	169
	172
	132
	169
	232
	198
	212
	183
	Interaction
	0.071
	18.6

	
	Mean
	134
	135
	117
	124
	170
	156
	151
	
	
	
	

	2008
	None
	95
	84
	79
	70
	80
	78
	92
	83
	
	
	

	
	Low
	133
	91
	107
	112
	157
	115
	126
	120
	Slurry
	<0.001
	9.0

	
	Medium
	150
	169
	119
	136
	208
	132
	154
	152
	Forage
	<0.001
	8.2

	
	High
	189
	161
	144
	185
	261
	142
	205
	184
	Interaction
	<0.001
	17.1

	
	Mean
	142
	126
	112
	126
	176
	117
	144
	
	
	
	

	2009
	None
	67
	80
	79
	80
	89
	75
	77
	78
	
	
	

	
	Low
	169
	108
	108
	133
	155
	137
	139
	135
	Slurry
	< 0.001
	13.3

	
	Medium
	161
	177
	132
	132
	212
	146
	190
	164
	Forage
	<0.001
	9.4

	
	High
	188
	175
	164
	189
	240
	178
	214
	193
	Interaction
	0.042
	21.4

	
	Mean
	146
	135
	121
	133
	174
	134
	155
	
	
	
	

	Annual average
	None
	98
	100
	92
	87
	103
	114
	98
	99
	
	
	

	
	Low
	156
	113
	126
	148
	174
	146
	149
	145
	Slurry
	<0.001
	11.0

	
	Medium
	181
	195
	156
	155
	215
	168
	179
	178
	Forage
	<0.001
	6.3

	
	High
	189
	193
	170
	200
	252
	196
	200
	200
	Interaction
	0.002
	16.1

	
	Mean
	156
	150
	136
	148
	186
	156
	156
	
	
	
	


Table 15 (continued)
	(b)
	
	Forage
	
	
	
	

	
	Slurry
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	Mean
	Factor
	Prob.
	s.e.d.

	2006
	None
	131
	112
	116
	103
	116
	102
	83
	109
	
	
	

	
	Low
	159
	155
	133
	126
	128
	133
	105
	134
	Slurry
	0.091
	13.9

	
	Medium
	127
	141
	124
	124
	165
	127
	119
	132
	Forage
	<0.001
	8.3

	
	High
	159
	158
	136
	161
	169
	134
	134
	150
	Interaction
	0.473
	20.4

	
	Mean
	144
	141
	127
	128
	145
	124
	110
	
	
	
	

	2007
	None
	88
	90
	74
	74
	89
	69
	66
	78
	
	
	

	
	Low
	103
	132
	88
	88
	107
	101
	80
	100
	Slurry
	0.019
	10.3

	
	Medium
	119
	119
	93
	93
	139
	93
	126
	112
	Forage
	<0.001
	7.1

	
	High
	113
	124
	86
	115
	156
	111
	119
	118
	Interaction
	0.115
	16.3

	
	Mean
	106
	116
	85
	93
	122
	94
	98
	
	
	
	

	2008
	None
	66
	59
	55
	51
	50
	50
	48
	54
	
	
	

	
	Low
	87
	104
	67
	68
	84
	59
	64
	76
	Slurry
	0.005
	10.3

	
	Medium
	94
	95
	70
	70
	119
	69
	74
	84
	Forage
	<0.001
	5.0

	
	High
	112
	103
	85
	108
	146
	95
	97
	106
	Interaction
	0.001
	13.8

	
	Mean
	89
	90
	69
	74
	100
	68
	70
	
	
	
	

	2009
	None
	71
	57
	56
	54
	56
	50
	46
	56
	
	
	

	
	Low
	113
	95
	64
	79
	89
	69
	70
	83
	Slurry
	<0.001
	7.3

	
	Medium
	92
	93
	67
	73
	125
	66
	83
	85
	Forage
	<0.001
	5.9

	
	High
	117
	117
	93
	110
	150
	75
	105
	109
	Interaction
	0.011
	12.8

	
	Mean
	98
	90
	70
	79
	105
	65
	76
	
	
	
	

	Annual average
	None
	89
	79
	75
	70
	78
	68
	60
	74
	
	
	

	
	Low
	116
	122
	88
	90
	102
	90
	80
	98
	Slurry
	0.007
	9.6

	
	Medium
	108
	112
	88
	90
	137
	89
	101
	103
	Forage
	<0.001
	4.6

	
	High
	125
	125
	100
	124
	155
	103
	114
	121
	Interaction
	0.003
	12.8

	
	Mean
	109
	109
	88
	93
	118
	88
	89
	
	
	
	


Table 16
Mean Mg content (mg l-1) in soil sampled, a) to 7.5 cm, and b) from 7.5 to 15.0 cm in January of each year

	(a)
	Slurry rate
	
	Slurry rate
	
	Interaction

	
	None
	Low
	Medium
	High
	
	Prob.
	s.e.d.
	
	Prob.
	s.e.d.

	2006
	139
	152
	162
	154
	
	0.151
	8.8
	
	0.81
	12.1

	2007
	139
	157
	167
	166
	
	0.033
	8.6
	
	0.14
	11.7

	2008
	141
	161
	179
	189
	
	0.004
	9.8
	
	0.63
	13.6

	2009
	139
	189
	196
	213
	
	<0.001
	8.2
	
	0.97
	11.7

	Average
	140
	164
	176
	181
	
	0.004
	8.4
	
	0.613
	10.6

	
	Forage
	
	
	

	
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	
	Prob.
	s.e.d.

	2006
	151
	160
	154
	148
	157
	153
	140
	
	0.001
	4.5

	2007
	157
	159
	156
	159
	164
	162
	144
	
	<0.001
	4.3

	2008
	174
	164
	165
	172
	180
	167
	151
	
	<0.001
	5.1

	2009
	178
	187
	183
	185
	196
	185
	174
	
	<0.001
	4.6

	Average
	165
	167
	165
	166
	174
	167
	152
	
	<0.001
	3.5

	(b)
	Slurry rate
	
	Slurry rate
	
	Interaction

	
	None
	Low
	Medium
	High
	
	Prob.
	s.e.d.
	
	Prob.
	s.e.d.

	2006
	145
	145
	152
	146
	
	0.89
	9.8
	
	0.51
	12.8

	2007
	142
	146
	156
	151
	
	0.56
	10.5
	
	0.31
	13.3

	2008
	137
	142
	157
	162
	
	0.08
	9.8
	
	0.04
	14.6

	2009
	131
	155
	160
	173
	
	0.01
	9.3
	
	0.84
	14.4

	Average
	139
	147
	156
	158
	
	0.23
	9.6
	
	0.25
	12.4

	
	Forage
	
	
	

	
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	
	Prob.
	s.e.d.

	2006
	146
	153
	146
	144
	154
	146
	140
	
	0.02
	4.4

	2007
	146
	149
	147
	152
	159
	147
	140
	
	0.004
	4.4

	2008
	153
	149
	148
	151
	165
	149
	131
	
	<0.001
	5.8

	2009
	159
	156
	151
	161
	167
	153
	136
	
	<0.001
	6.0

	Average
	151
	152
	148
	152
	161
	149
	137
	
	<0.001
	4.2


Table 17
Mean S content (mg l-1) in soil sampled, a) to 7.5 cm, and b) from 7.5 to 15.0 cm in January of each year
	(a)
	Slurry rate
	
	Slurry rate
	
	Interaction

	
	None
	Low
	Medium
	High
	
	Prob.
	s.e.d.
	
	Prob.
	s.e.d.

	2006
	12.0
	12.5
	13.1
	13.7
	
	0.02
	0.45
	
	0.06
	1.07

	2007
	8.6
	8.8
	8.6
	8.7
	
	0.98
	0.42
	
	0.74
	0.77

	2008
	9.1
	9.3
	9.8
	9.5
	
	0.16
	0.27
	
	0.74
	0.67

	2009
	7.9
	8.6
	9.2
	9.7
	
	<0.001
	0.22
	
	0.01
	0.53

	Average
	9.4
	9.8
	10.2
	10.4
	
	0.02
	0.25
	
	0.451
	0.47

	
	Forage
	
	
	

	
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	
	Prob.
	s.e.d.

	2006
	12.5
	12.8
	12.6
	12.4
	11.9
	14.4
	13.0
	
	<0.001
	0.53

	2007
	8.3
	8.8
	8.0
	8.4
	7.6
	10.7
	8.9
	
	<0.001
	0.35

	2008
	8.9
	9.6
	8.4
	8.9
	8.7
	10.7
	10.6
	
	<0.001
	0.33

	2009
	8.3
	8.5
	8.2
	8.0
	8.6
	10.5
	9.7
	
	<0.001
	0.26

	Average
	9.5
	9.9
	9.3
	9.4
	9.2
	11.6
	10.6
	
	<0.001
	0.21

	(b)
	Slurry rate
	
	Slurry rate
	
	Interaction

	
	None
	Low
	Medium
	High
	
	Prob.
	s.e.d.
	
	Prob.
	s.e.d.

	2006
	10.7
	12.0
	11.3
	12.0
	
	0.12
	0.53
	
	0.08
	0.78

	2007
	8.5
	8.6
	8.4
	8.6
	
	0.99
	0.61
	
	0.87
	0.77

	2008
	8.2
	8.7
	8.8
	9.0
	
	0.26
	0.39
	
	0.33
	0.53

	2009
	7.9
	8.2
	8.3
	8.8
	
	0.09
	0.31
	
	0.37
	0.51

	Average
	8.8
	9.4
	9.2
	9.6
	
	0.34
	0.41
	
	0.31
	0.51

	
	Forage
	
	
	

	
	PRG Dip
	PRG Tet
	R Hyb
	Ital RG
	LIM
	PRG WC
	RC
	
	Prob.
	s.e.d.

	2006
	11.6
	11.3
	11.0
	11.5
	11.6
	11.2
	12.3
	
	0.002
	0.30

	2007
	8.4
	8.4
	7.9
	8.4
	8.2
	8.7
	9.5
	
	<0.001
	0.26

	2008
	8.9
	8.4
	8.3
	8.6
	8.4
	8.6
	9.5
	
	<0.001
	0.20

	2009
	8.2
	8.1
	8.1
	8.0
	8.5
	8.3
	8.8
	
	0.005
	0.22

	Average
	9.3
	9.0
	8.8
	9.1
	9.2
	9.2
	10.1
	
	<0.001
	0.16


KEY PRESENTATIONS
Scientific publications

· Dale, A.J., Laidlaw, A.S., Bailey, J. and Mayne, C.S. (2011) Effect of dairy slurry and forage type on production, nitrogen use efficiency and soil nutrient status. Currently unpublished
Presentations at conferences
· Dale, A.J., Laidlaw, A.S, Frost, J.P, Bailey, J. and Mayne, C.S. (2007) Opportunities to improve efficiency of use of animal manures with low input, alternative forages. Proceedings of the joint British Grassland Society/British Society of Animal Science conference, High Value Grasslands, 17-19 April, 2007. 

· Dale, A.J. and Laidlaw, A.S. (2011) Assessing the yield response of seven forage crops to different levels of slurry applied across four growing seasons. Proceedings of British Grassland Society 10th Research Conference, Belfast, 20 – 21 September 2011. 
· Dale, A.J., Laidlaw, A.S. and Bailey, J. (2011) The effect on soil nutrient status of applying cattle slurry at different rates to seven forage crops over four growing seasons. Proceedings of British Grassland Society 10th Research Conference, Belfast, 20 – 21 September 2011.
Other publications

· Details of annual dry matter yields produced in the first year were included in the AgriSearch research newsletter, December 2005

· Suitability of forages for utilisation of slurry nutrients during the growing season. Booklet prepared as part of AFBI Hillsborough Beef open day, September 2006.

· Getting More From Slurry – AFBI Research Points The Way Forward, United News, February 2007

· Improving use of slurry nutrients during the growing season. AgriSearch dairy sector update, June 2007

· AgriSearch farmers booklet, Autumn 2011

Presentations to farmer/industry groups 

· The experimental site was one of the key stops during a Beef Open Day on 23 September 2006, which was attended by approximately 400 farmers and industry representatives. 

· The key findings from the study have been on display during a number of winter dairy fairs at the Kings Hall. 

· During the course of the experiment, the site was visited by a number of farmer and industry groups
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