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This project was undertaken in support of MAFF policy on nitrate leaching.  Whereas previous rotational experiments have tested management practices in the absence of manures, here we examined the current manure management rules to assess their effects on nitrate loss and crop yields.





There were two contrasting sites: a sandy soil at ADAS Gleadthorpe Research Centre and a silty soil at ADAS Terrington.  Each site followed a six course rotation typical of the soil-type (sugar beet - cereal - set aside - potatoes - cereal - cereal).  Four harvests were completed under this project funding.





Superimposed on the crop rotation were five management systems.  Four of the systems integrated different manure types and application timings into the rotation.  The manures used were broiler litter (BL) and cattle FYM (CFYM) at Gleadthorpe and pig slurry (SL) and pig FYM (PFYM) at Terrington.  The fifth treatment was an inorganically fertilised control for comparison.  The main findings were:





1.	Nutrient composition of the manures was variable but, on average, use of published ‘typical’ nutrient values would be reliable in achieving target N loadings (as specified in various codes of practice).  Pre-spreading analysis generally offered a small improvement in precision.  With a manure supply that is produced by a consistent process, occasional analysis would provide information on the general variability of supply.





2.	There was a much smaller leaching risk associated with the silty soil at Terrington, compared with the Gleadthorpe sand.  However, certain manure management practices still increased N losses such that the average N concentration in the drainage exceeded 11.3 mg/l at Terrington (see below).





3.	Over four winters, some manure management practices increased N loss at both sites.  These were:


-	late summer/autumn applications of manures with a large proportion of readily available N (broiler litter, pig slurry).


-	underestimating N supply from manure when formulating inorganic fertiliser policy.


-	applying manure to set-aside.





	When the first two situations were avoided, N losses from manure systems and the inorganically fertilised control were similar.





4.	We were able to demonstrate positive yield benefits for root crops following manure applications, even though we decreased inorganic fertiliser inputs after the manure dressings.  For cereals, there were never statistically significant changes in yield compared with our inorganically fertilised control treatment, even though fertiliser inputs were decreased after manure.  This is a positive message for growers.





5.	There were other demonstrable changes in soil organic matter and nutrient contents after four years of manure applications.  Further research is necessary to decide if these changes are wholly beneficial.  For example, a consequence of increasing soil organic matter or P status might be increased N or P leaching.





The implications of the research for MAFF to date are that, generally, current codes of practice for manure management are sound.  It is clear that rotations involving manure require a higher level of management skill and attention paid to detail.  The longer-term implications need to be monitored, particularly in relation to organic matter and phosphorus build-up.�
�
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Objectives 





To measure nitrate leaching from typical crop rotations and to measure the effects of manure applications on leaching.


To determine and compare nutrient balances for the different manure management systems under study.


To assess the practicalities of general manure management in terms of economics and effectiveness in decreasing leaching.


To demonstrate to farmers that manures can be incorporated successfully into farm rotations.


To provide robust data on N leaching and N balance for the development and/or evaluation of experiment models





Background





Recent UK rotational experiments have shown that nitrate leaching from arable rotations can be decreased by simple modifications to agricultural practices (Shepherd & Lord, 1996; Johnston et al., 1997).  These experiments were based on many of the guidelines recommended in the UK Ministry of Agriculture’s (MAFF) Nitrate Sensitive Area (NSA) scheme (Anon., 1990), in which farmers are compensated for adopting nitrate retentive farming practices.  However, those experiments excluded farm wastes from the rotations; many workers have highlighted the increased nitrate leaching risk when organic manures are introduced into cropping systems.





Manures contribute to increased nitrogen (N) leaching when applications are timed inappropriately.  Losses can be large if manures with substantial ‘readily available’ N (mainly NH4-N in pig and cattle manures, plus uric-N in poultry manures) are applied in late summer or early autumn; pig slurry and poultry manures are such examples (Smith & Chambers, 1993).  Leaching can also be increased if a large amount of N is supplied to the crop from manure and the subsequent inorganic fertiliser application is not adjusted accordingly; a large post-harvest residue of soil mineral N will then result from over fertilisation (Chaney, 1990), which can leach during winter.





The UK Survey of Fertiliser Practice (Chalmers et al., 1992) suggests that farmers do not take full account of the N (or of the phosphate and potash) when applying manures.  Nitrate leaching can therefore be increased but, also, the financial potential of the applied nutrients (with a decrease in the need for fertiliser) is not being realised.  There are also environmental implications of over-fertilising with phosphate and concern about the role of phosphorus in eutrophication of waters (Moss, 1996).  These problems are recognised and in both the NSAs and the soon to be implemented Nitrate Vulnerable Zones (NVZs; Anon., 1991a) farmers are required to avoid autumn applications of slurry and poultry manures, and to take better account of nutrient supply from manures when applying inorganic fertiliser.





However, there have been few controlled experiments which test these policies over farm rotations, and much of the advice, both to farmers and for MAFF policy needs, has been based on single year experiments.  The aim here, therefore, was to test the short and medium-term effects of following good agricultural practice on nitrate loss, soil nutrient status, crop yields and some estimate of profitability in arable rotations which utilise organic manures.





Methods





Sites


The experiment was undertaken at two sites on contrasting soil types; a highly leachable loamy sand overlying sandstone (Cuckney series) at ADAS Gleadthorpe, Nottinghamshire, and a retentive calcareous silt loam (Romney series) at ADAS Terrington, Norfolk.





Treatments and experiment design


Each site followed a six-course rotation typical of the soil type and area (Tables 1 and 2).  Funding to date has allowed completion of four harvest years and additional funding has now been provided to allow completion of the project. Four manure management systems and an inorganically fertilised control (Treatment 5), for comparison, were superimposed on the rotation.  Cattle FYM and broiler litter were applied at Gleadthorpe, and pig FYM and pig slurry were applied at Terrington.  The different manure treatments were structured such that three of the four worked within the current codes of practice (one of the three was particularly intensive in its frequency of manure use; Treatment 4), but the fourth applied slurry or broiler litter in late summer/autumn when the leaching risk is greater (Treatment 3).  There were five replicates of each treatment, arranged in a randomised block design.  Plot size was 300 m2.





Table 1.  Summary of manure treatments at Gleadthorpe.  Treatments in the shaded area are to be applied within the agreed project extension.  All treatments received inorganic NPK as required, in addition to the manure.
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Experiment management


Manure application rates were targeted at a loading of 175 kg/ha total N.  We tried to achieve this by laboratory analysis of the manures (Anon., 1986) for total N and dry matter content before spreading.  The N content of  the pig slurry was determined on-farm with a portable meter, again before spreading.  At spreading, further sub-samples were taken from each plot for a more detailed analysis of nutrient content (see ‘measurements’).  The plots were sufficiently large that manures could be spread by machine, where appropriate.  At Gleadthorpe, FYM was applied using a Krone Optimat spreader, which spreads manure to a width of c. 4 m.  Because the broiler litter was applied at much lower rates, this had to be spread manually (although commercial equipment capable of spreading at these application rates is now available).  At Terrington, FYM was spread manually but slurry was applied using a 5500 l trailed tanker fitted with a ‘Transpread’ twin deflector plate spreader.  The span was at least 12 m, which allowed the option of topdressing slurry over growing crops; FYM (and most broiler litter applications) was always applied before cultivating and planting crops, at both sites (Tables 1 and 2).


  


The control plots received inorganic fertiliser only, based on recommendations from the ADAS Fertiplan recommendation system.  This essentially uses the same principles as MAFF Reference Book 209 (Anon., 1994); soil analysis and crop information are used to maintain a PK balance, and N recommendations are based on previous cropping and soil-type. Applications of N, P and K fertiliser to manured plots were adjusted to take account of the nutrients applied in manure.  The N contribution from the manure was based on its laboratory analysis and adjusted according to application time and soil type. The inorganic fertiliser applications were made by calibrated pneumatic spreaders.  All other husbandry operations followed standard farm practice.





Measurements


The organic manures were analysed for dry matter content, total N, total P, total K, NH4-N and, for poultry manures, uric-N.  Soil (0-20 cm) was sampled and analysed on a plot basis for P, K, pH, Mg, organic matter and total N each autumn (20 cores per plot).  Soil mineral N (NH4-N and NO3-N; Nmin) was determined in 30 cm increments to 90 cm in autumn and spring (10 cores per plot).  





An assessment of uniformity of spreading was made whenever manure was applied.  For solid manures, five 1 m2 sheets were placed randomly over the plot before spreading; for pig slurry, fourteen 0.18 m2 containers were used.  The intercepted manure was then weighed and a coefficient of variation (CV) calculated.  





Yields and crop N offtake were determined by harvesting a known area (by combine harvester for cereals, by hand for root crops) and analysing a representative sub-sample for dry matter and N content.  Ten porous ceramic cups were installed on each plot at the start of the experiment (Webster et al., 1993) at 1 m depth to measure soil solution NO3-N concentrations during drainage.





Table 2.  Summary of manure treatments at Terrington. Treatments in the shaded area are to be applied within the agreed project extension.  All treatments received inorganic NPK as required, in addition to the manure.
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Results and Discussion





1.  Practical aspects of N management





175 kg/ha N was chosen as the target application for manure N as in the pilot NSA scheme and, also, the ultimate target for arable fields under the NVZ scheme.  We chose to try to achieve this target by basing application rates on a pre-spreading analysis (solid manures) or a nitrogen meter (Agros) for slurry.





Figure 1 shows how close individual applications were to achieving the target N rate.  Cattle FYM was consistently above 175 kg/ha (mean of 5 applications 242 kg/ha) but only one was well above target.  With the exception of one application, broiler litter N loadings were close (± 25) to target (mean of 7 applications 200 kg/ha N).  Targets were missed because of discrepancies between the pre- and post spreading samples.





The practical implications of these findings are that pre-spreading analysis of solid manure is generally helpful for assessing target application rates.  A t-test of pre- and post-spreading N analyses showed that only 2 of 12 pairs were statistically significantly different (P = 0.05), despite the acknowledged difficulties in sampling manure heaps.  The results also showed that on-farm analysis of slurry with a nitrogen meter provides robust results.  Published figures (Anon., 1994) were in good agreement with our average analysis (Table 3).





Figure 1.  Actual N loading rates for each manure application.  The broken line denotes the 175 kg/ha target.
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Table 3.  Average N and dry matter contents for each manure type based on all applications to date, and comparison with average published figures (Anon., 1994).
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The slurry meter is a one-off purchase and relatively inexpensive.  This is in contrast to laboratory analysis which is an on-going commitment and costly.  However, neither might be justifiable if pre-spreading analysis does not improve precision, compared with judging application rates based on average nutrient contents.  Table 4 shows the recommended application rate for each manure based on average nutrient content (Anon., 1994), and the ranges of N application that would have been achieved based on the measured manure variability.  This is compared with actual ranges.





From these data, it can be concluded that, for pig FYM and pig slurry, the use of average figures for total N is not quite as reliable as analysis but, for cattle FYM, it was slightly better than analysis.  For both cattle FYM and broiler litter, the use of average figures would have avoided the excesses that occurred twice in practice.  With this one exception for broiler litter, analysis gave a smaller spread of N applications than did the use of average figures.  However, even where improvement in precision is achieved, e.g. in the case of most solid manures, it is unlikely that the extra analytical costs could be justified.  The on-farm slurry meter was successful in helping to judge application rates.





The advantage of analysis may be that it provides better information on available nitrogen content. This is mainly NH4-N in cattle and pig manures, plus uric-N in poultry manures.  It is the most important component in terms of formulating fertiliser recommendations and assessing losses.  The available N is susceptible to loss during storage, so the content can be quite variable, depending on storage conditions and time period.





In this experiment, NH4-N in cattle FYM varied from <1-15% and, for pig FYM, from 17-29%.  For poultry manure, the available N fraction was consistent across samples (range 31-38%) and, similarly with pig slurry, five of the six samples fell in the range 66-73%, the other being 85%.  Other literature has shown poultry manure analyses to be variable (Nicholson et al., 1997).  However, the “high risk” manures in our study have shown consistency in analyses.  This is because they are sourced from the same production process through the experiment, so that all conditions were similar.





For practical manure management, therefore, the strategy recommended to farmers must be to gain information about their manure source by periodic sampling to ascertain the consistency of its nutrient content.  Only if their source, or the production process changes, do they then need to reconsider regular analysis.





Table 4.  Comparison of range of N loadings actually achieved and those that would have been achieved by


using manure application rates based on average nutrient content (outliers in brackets).
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2.  Nitrogen leaching





A complete summary of over-winter leaching losses for Gleadthorpe (Table 5) and for Terrington (Table 6) is shown.  Three of the four winters were drier than average.  Drainage was variable between sites due to differences in rainfall, soil-type and cropping patterns.  Drainage amounts also greatly influenced nitrogen leaching losses and average N concentrations; as expected there was more leaching from the less retentive sandy soil.  The rotation at Gleadthorpe was predominantly spring crops or late planted cereals.  Consequently, N concentrations on the over-winter fallow plots were greater than the EU target of 11.3 mg/l.





Calculations of average N concentrations over four winters showed that, at Gleadthorpe, manure applications increased concentration by 7-37% over that of the control treatment (significant at P = 0.05).  At Terrington, concentrations were much smaller, with only one treatment exceeding 11.3 mg/l.  Closer inspection of the individual N losses identified three causes of greater leaching on manure treatments:





1.	Late summer/early autumn slurry/broiler litter applications;


2.	Taking insufficient account of manure N when formulating fertiliser recommendations;


3.	Manure applications to set-aside.





1.	Mis-timed applications - Figure 2 provides an example of the effect of a September broiler litter application on subsequent N losses.  This trend was the same each winter following such an application.  At Terrington, also, the largest leaching losses followed an autumn application of slurry (Table 6).  Figure 2 shows that, for all treatments that did not receive manure in the winter, there was a strong linear relationship between autumn soil mineral N and leached N.  The exception was the September broiler litter application because N was leached from the applied manure (equivalent to c. 40% of the applied available N).  This confirms the findings of Unwin et al (1991), and also reinforces current recommended practice of avoiding autumn applications of such manures (Anon., 1991b).





2.	Over-fertilisation - The experiment was generally successful in adjusting N fertiliser applications after manure (see later).  The one exception occurred at Gleadthorpe in 1994, when there was insufficient adjustment to fertiliser inputs following broiler litter application in December 1993 (Fig. 3).  Contrastingly, nitrogen applications after FYM were correctly judged.  Crop N offtake was similar for all treatments so that, after broiler litter, the post-harvest soil N residue (Nmin) was greater than after either FYM or conventionally fertilised control, resulting in extra N leaching subsequently.  This stresses the importance of the need for a reliable N recommendation system following manure.  Several workers have shown the effects of super-optimal N on post-harvest soil Nmin and N leaching (Chaney, 1990; Sylvester-Bradley & Chambers, 1992).





3.	Set-aside - Autumn soil Nmin after set-aside will generally be larger than after cereal cropping (Chalmers & Clarke, 1996), because early cultivation stimulates N release and, normally, there is no N offtake from the set-aside field as harvested crop.  Autumn soil Nmin was largest at Gleadthorpe after set-aside (autumn 1995, Table 5).  However, losses were further exacerbated by manure applications to the set-aside land as reflected in autumn soil Nmin at both sites (Table 7).  Clearly, although N was applied in the manures, there was only a small sink for its utilisation: effects were largest after broiler litter or slurry, compared with FYM.





Avoiding such practices would decrease N loss, though it would still generally be larger than from cereal cropping.








Figure 2.  Relationship between autumn soil mineral N to 90 cm and nitrogen leached during winter (1994/95).  The outlier (marked ‘A’) received broiler litter in September.
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Table 5.  Summary of manure applications and over-winter N leaching losses 


for each winter at Gleadthorpe.
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Table 6.  Summary of manure applications and over-winter N leaching losses 


for each winter at Terrington.
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Figure 3.  Example of the effects of over-fertilising on post-harvest soil mineral N and nitrogen leaching.  ‘Napp’ refers to the total of fertiliser and manure readily available N applied to each crop.  BL treatment received most N, but crop offtake was similar for all treatments: a large mineral N (Nmin) residue and greater N leaching resulted.
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Table 7.  Effect of set-aside and manure applications to set-aside on autumn soil mineral N 


- Nmin (as an indicator of leaching risk).
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3.  Yields and fertiliser inputs





An objective of the research was to investigate whether fertiliser inputs after manure applications could be reduced with minimal impacts on crop yields.  The experiment was generally successful in this aspect.  Each site, through the rotation, grew one root crop and two cereal crops





Potatoes


Potatoes are a nutrient demanding crop (Anon., 1994).  They are especially responsive to nitrogen (Neeteson & Wadman, 1987).  Experiments have also shown that they can be responsive, on some sites, to fresh applications of phosphate, irrespective of soil P status.  Potatoes at Gleadthorpe followed set-aside.  Fertiliser inputs were reduced according to the NPK applied in previous manure dressings (Fig. 4).  





Figure 4.  Effects of manure treatments on total tuber yield.  Fertiliser adjustments were made following 


manure applications, as shown.
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Substantial reductions were achieved with potash.  Phosphate applications were not decreased fully, because of the possible response to this nutrient: the intention was to decrease P applications to subsequent, less responsive crops.  Nitrogen was decreased by up to 65 kg/ha following broiler litter application.  However, despite some substantial reductions in fertiliser inputs, there were highly significant increases (P <0.001) in total and ware tuber yield (Fig. 4).  All the manure treatments increased yield above the inorganically fertilised control; FYM appeared to increase yield more than broiler litter applications.  In the absence of a full nutrient response curve, it was not possible to state that this was or was not a nutritional effect.  However, post-harvest N leaching (winter 1996/97, Table 5) showed larger N losses after manure, suggesting that N inputs could have been decreased by more.  Even so, the message is clear: fertiliser inputs after manure can be decreased without jeopardising yield, even for responsive crops.





Sugar beet


Beet was grown at Terrington in 1995.  As for potatoes at Gleadthorpe, all four manure treatments received manure before the beet was drilled (Table 6).  Reductions to N, P and K were made following manure (Table 8).  Even so, there were highly significant yield increases (P <0.001), with all manure treatments yielding more than the inorganically fertilised control.  We cannot attribute this to a nutrient or non-nutrient effect, suffice to say that, again, we showed fertiliser inputs could be decreased without jeopardising yield.  Post-harvest soil Nmin (autumn 1995, Table 6) was less following manure than after the inorganically fertilised control.  There were no effects on root amino N levels.





Table 8.  Effect of manure applications on sugar beet yields at Terrington, 1995.
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Cereal crops


Although the experiment demonstrated positive benefits of manures in root crops, the situation was less clear with cereals (Table 9). On no occasion was there a significant difference between the control yield and yield from crops receiving manure, although there did appear to be differences.  Variation at Gleadthorpe was larger, presumably because the cereal crops were prone to drought on the sandy soil but were unirrigated (according to standard farmer practice).  Grain N offtake was less variable and, again, this showed no significant differences between the treatments, providing further evidence that we had correctly judged fertiliser application after manure dressings.





Table 9.  Cereal yields and grain N offtake at Terrington and Gleadthorpe following


manure applications
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4.  Nutrient and organic matter balances





Topsoil nutrient and organic matter status was measured at the start of the experiment and each autumn afterwards.  Measurement of manure and crop NPK contents also allowed calculation of a nutrient budget for each site (Table 10).





Manure applications increased soil extractable P and K status at Gleadthorpe and at Terrington where PK inputs exceeded offtake.  Even though we adjusted fertiliser inputs after manure, because of the NPK imbalance in the manures compared with crop offtakes, super-optimal PK applications sometimes occurred.  Table 10 shows that the increase in PK inputs was obviously related to frequency of manure applications and manure type.





Archer (1984), reviewing previous ADAS research suggested that large amounts of P and K fertiliser were required to increase soil status.  Our estimates, at Gleadthorpe, of in excess of 600 kg/ha P2O5 to raise the soil by 10 mg/l P (Fig. 5) and 400 kg/ha K2O to raise the status by 50 mg/l K (Fig. 6) were in line with the figures suggested by Archer (1984) for P and K and by Shepherd & Withers (1998) for P.  Similar, but weaker relationships, were found at Terrington.  This is useful information for growers and policy makers: particularly for P there are environmental implications of increasing soil P status above ADAS index 7 (Shepherd, personal communication: NT 1026).





Manure applications also affected soil organic matter status (Table 11).  These effects were highly statistically significant at Gleadthorpe.  Orthogonal contrasts also showed significant effects of manure type (FYM>BL) and of BL frequency (annual BL > less frequent BL).  By measuring organic matter annually, we were able to follow the development of these differences: only in autumn 1997 did the differences become large enough to be demonstrable by statistical analysis.  At Terrington, against a higher background level of organic matter, we were unable to show significant treatment effects, although all manure treatments have tended to increase organic matter compared to the inorganically fertilised control (Table 11).  One explanation for the lack of response may be that three of the manure treatments were based on slurry (5% dry matter), so that organic inputs were relatively small compared with solid manures.





Table 10.  Nutrient balances up to autumn 1997 at Gleadthorpe and Terrington.
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Figure 5.  Effect of phosphate balance on soil P status (Gleadthorpe).
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Figure 6.  Effect of potash balance on soil K status (Gleadthorpe).
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Table 11.  Soil organic matter content (%) at both sites, sampled September 1997


(‘B’ = broiler litter, ‘S’ = slurry).
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At Gleadthorpe, the changes in soil organic matter (from experiment start to autumn 1997) were strongly related to organic matter inputs (Fig. 7).  Although a quadratic function explains most of the variation, extrapolation beyond the measured points becomes unsafe, since topsoil organic matter increases by more than the organic inputs.  Even so, we have demonstrated that even a few manure applications can have a significant effect on soil organic matter content.  This could have beneficial effects, e.g. improved water retention, on such light soils (and may be one explanation for increased potato yields in the presence of manure).





Figure 7.  Effect of organic matter loadings on soil organic matter content, 


at Gleadthorpe, sampled autumn 1997.
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5.  Economics





Calculation of the nutrient value of animal manures should be based on total P and K content and the amount of available N.  On this basis, and assuming that application timings and methods minimise N losses, the nutrient values of all manures in this project are similar.  Applications to supply a total N loading of 175 kg/ha supplied nutrients to the value of £80-85/ha annually.  This ignores any other benefits (e.g. sulphur or organic matter) that may accrue.





Financially, there are many options that farmers are faced with, with final decisions depending on individual business circumstances.  However, the two main principles are:





1.	If receiving manure from a neighbour, fertiliser savings and/or yield benefits must offset the additional costs of handling and spreading the manure.


2.	If the manure is produced on-site, this has a disposal cost: then any nutrient/yield benefits will help to offset spreading costs, which the farm would have already.





It is difficult to place a cost on manure handling and spreading because so much depends on available equipment and labour and business structure.





This project has provided information to help these decisions by showing that:





a)	real fertiliser reductions can be made without jeopardising yield;


b)	root crops appear to benefit from manure inputs;


c)	cereals are less responsive but yields are not jeopardised.





Conclusions





1.	Manures are variable in terms of nutrient content.  Achieving target N loadings (e.g. 175 kg/ha N for NSA’s, currently 210 for NVZ’s, but to decrease to 175) will never be guaranteed, even with pre-spreading analysis.  Use of ‘typical’ N contents to calculate average application rates will, in the long-term, achieve target loadings.  Pre-spreading analysis will improve accuracy, but the benefits for total N were marginal in this study.  The advantage of manure analysis may be better quantification of the readily available N fraction, which has direct implications for crop N response and is more variable.  The Agros slurry-meter was a successful aid to quantify N content.  Regarding analysis of manure, a sensible strategy would be to use analysis over a period of time to gain information on variability of nutrient content; our results suggest that if the production and storage processes are consistent, then so too will be the N content: less frequent analysis is then necessary.





2.	Nitrogen leaching losses were, as anticipated, much greater from the sandy soil at Gleadthorpe than from the retentive Terrington soil.  As a result, average N concentrations across four winters were <11.3 mg/l N, except for one treatment at Terrington.  To date, the rotation at Gleadthorpe resulted in over-winter fallows so that N losses were large, even from the unfertilised control (c. 30 mg/l N).





	Comparing manure management systems, all increased losses compared to the inorganically fertilised control.  However, increases were 10% or less for two of the treatments.  From the rotations we identified practices that minimised N loss





	-  delaying broiler litter applications until after December;


	-  using FYM (small leaching risk)





Practices that increased leaching and that were responsible for increasing losses above the inorganically fertilised control were:





	-  September/October applications of broiler litter (and slurry at Terrington)


	-  taking insufficient account of applied N when formulating fertiliser recommendations


	-  applying manure (particularly broiler litter or slurry) to set-aside.





3.	As well as gaining information on N cycling, the experiments provided supplementary information on soil P, K and organic matter status.  The NPK imbalance in manures, compared with crop offtakes, has meant that soil P and K has increased.  We demonstrated significant increases in soil organic matter at Gleadthorpe, but not at Terrington.





4.	Fertiliser inputs can be decreased after manure applications.  This experiment has clearly demonstrated this.  Moreover, yields of root crops (potatoes and beet) were increased by manure applications, above that of the inorganically fertilised control.  Cereal yields were more variable, but we did not demonstrate significant yield decreases even though inorganic fertiliser inputs were reduced following manure.





Implications for MAFF





To date, the experiment has supported the MAFF cereal codes of practice:-





	-  avoid late summer/autumn applications of manures with a large proportion of readily available N;


	-  take full account of N (and PK) applied in manure when formulating fertiliser recommendations.





When we failed to meet these criteria, N leaching losses increased.  There is no doubt that managing manures in a rotation requires a high level of skill and attention to detail, but the experiment showed that with such attention, it is possible to minimise losses.





The experiment has also highlighted two important issues.  First, losses from set-aside can be large, even in the absence of manure: permitting manure applications to set-aside, however, can further exacerbate losses.  Second, although guidelines on manure timing are normally restricted to sandy or shallow soils, evidence from Terrington suggests that they should be applied to all soils.  This has implications regarding manure storage.





Manure applications within current codes of practice have increased soil organic matter at Gleadthorpe.  This could have potential benefits in terms of soil sustainability, but we must also be aware of the risk of increased leaching losses from such increases in organic matter.  Similarly, we have demonstrated increases in soil K and P status with regular manure applications that are within the codes of practice.  Again, this can be beneficial but, particularly for P, continuation of these systems for many years would increase soil P contents to potentially environmentally damaging levels.  Some reference to P in codes of practice would therefore be worthwhile.





Technology Transfer





There are many positive messages for policy makers, farmers and their advisers from this experiment and opportunities to disseminate this information should be sought.  In particular the following should be considered:


the production of an advisory leaflet, bringing together the practical messages arising out of recent MAFF funded manures research


the use of the Demonstration Farms on manure use to publicise the nutrient balancing approach to manure management


a series of ‘roadshows’ to publicise the findings, in advance of NVZ implementation


to include the risks of organic matter build up (N and P implications) in the next revisions of both the Soil and Water Codes of Practice 








Future work





There are several areas where extra research would be of benefit:





1.	Continuation of the sites through their complete rotations - the original aim of the experiment was to measure medium-term effects on N loss, rather than from annual experiments.  This would allow us to test for cumulative effects (for example, increase in soil organic matter and implications for subsequent N losses).  It would also allow us to test the effects of different seasons in N loss: there is a close link between weather patterns and N loss and the relative risks need to be assessed.





2.	Exploitation of soil organic matter differences - we have built up differences in soil organic matter at Gleadthorpe.  This may impact on soil physical and nutritional properties and has implications for soil sustainability.  The site therefore offers an ideal opportunity to examine the effects of manure applications on such properties.





3.	Other loss pathways - the experiment has been set up and so at little extra cost, other N loss pathways (gaseous) could be assessed.  This is important information because we may be limiting nitrate losses but we do not know the impact on other environmentally important loss routes.





Use of the plots for ‘run-down’ experiments for P and/or organic matter.  The plots are sufficiently large that nutrient response sub-plots could be superimposed.





Dissemination of information - as described above, there are now many positive messages illustrated by the experiment.  This information should be used to support MAFF policy advice by disseminating it to farmers and their advisers.





Output





Shepherd, M. (1997).  The Magic of Muck.  Article in Crops Magazine.





Shepherd, M. & Cormack, W. (1996).  Managing organic manures in an arable rotation.  Aspects of Applied Biology, 47, 77-84.





Presentations during visits to Gleadthorpe (farmers, ESA project officers, scientists).
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