Improved agronomy

Lalor, 2008

This work arose in response to the current practice, in Ireland, of applying slurry in summer after herbage has been harvested for silage.  This practice arose to reduce the risk of pasture contamination, since in Ireland soils are often too wet for slurry application in spring.  Application by splash plate (SP) in spring is confined to pastures with a little herbage mass, but often by the time soil conditions permit damage-free soil trafficking the grass canopy is too large to avoid contamination.  This results in applications being postponed until the next available instance of low herbage masses, normally after first-cut silage, when risks of NH3 loss are greater and the N-fertilizer replacement value is less. By reducing the risk of contamination, reduced-emission methods allow application to pastures with a greater herbage mass, thereby increasing the likelihood of more days when slurry can be spread in the spring when N demand by herbage is greatest, and risk of NH3 loss is relatively small.  However, it may not be appropriate to extrapolate this reasoning to slurry application in other countries.  For example, in the UK the proportions of slurry applied to grassland, currently estimated to be applied in the summer months (defined as May to July in the UK ammonia emissions inventory) are only 10% for dairy slurry, 13% for beef slurry and 18% for pig slurry.  In contrast 50% of slurry is considered to be applied in summer in Ireland. 

Reduced-emission application methods (shallow injection (OSI), trailing shoe (TS) and band spreading (BS)) allow more flexible timing of application than the SP method as slurry can be applied to pastures with greater herbage masses by depositing slurry below the herbage canopy, thereby minimizing contamination of herbage (Laws et al., 2002). The TS method was considered to offer the greatest potential for contamination-free application in pastures with taller herbage (Laws and Pain, 2002; Laws et al., 2002), and was assigned the highest threshold.

Model results suggest that TS and OSI could increase the number of days available for spreading by 50% on well-drained soils, and 100% on moderately-drained soils.  There was no benefit on poorly-drained soils.  The TS increased the number of days on well-drained soils from 3 to 8 and on moderately-drained soils from 0.5 to 6.5.  Despite these large relative increases the number of days available was still no more than 8 days out of the 130 investigated.

It also needs to be pointed out that the model output assumes the work-rate of each application method to be equal, and that an available day will result in an equal amount of slurry being applied, irrespective of application method. A decision to adopt a reduced-emission application system on the basis of the number of available days in spring would also need to include comparisons of the work-rate of the different application methods before assuming an advantage in terms of volume of slurry that can be applied in spring. Another consideration is labour availability in the spring so that spreading opportunities in the spring can be maximized. 

Nevertheless, even though these results may not be applicable more widely, the conclusion of the authors that 'The relative advantage of the TS method, therefore, is based on the experience that it is the best machine for minimizing sward damage and contamination, and hence retains the highest maximum herbage-mass threshold.' is likely to be generally applicable.  And given that the mean reported efficiency with which NH3 emissions are reduced, at c. 65%, is not much less than that reported for shallow injection (80%) on grassland, the TS may usually be the most appropriate reduced-emission machine for use on grassland.

Schröder et al. (2007) N recovery

The main objective of this study was to quantify the long-term manurial value of a range of manures.  One of the manures, undigested cattle slurry, was applied either to the surface or by injection to between 5 and 7 cm, and it is the results of those treatments which will be mainly considered here.  Slurry applications were split over three dates (around April 1, second half of May after first grass cut, second half of June after second grass cut) in a 120 to 100 to 80 ratio, based on N contents to give an average total application of 307 kg N ha-1.  

Uptake of N from injected slurry was significantly greater than from surface-applied slurry in only 1 of the 4 years by 18 kg ha-1. There were non-significant increases in the other 3 years (19 and 41 kg ha-1).  Ammonia emissions were not measured.  However, if a typical emission of 60% of TAN from surface application is assumed ('summer' rate), together with an abatement efficiency of 80% from injection to 5-7 cm, then, from an average application of 307 kg N ha-1 slurry-N, of which 50% was TAN, the N conserved may be estimated as c. 74 kg N ha-1.  The average difference in N uptake between surface-applied and injected slurry was c. 29 kg, equivalent to a recovery of c. 40% of the TAN assumed to have been conserved by injection, somewhat less than the ANR of 67% cited for fertilizer-N in the same study. Such an estimate of apparent TAN recovery is very dependent on the assumptions used.  If emissions from broadcast application were only 40% of TAN then the TAN conserved by injection would be less (c. 49 kg N ha-1) and the efficiency of uptake somewhat greater at c. 60%.

Matilla, 2006

Harrowing took place on same day, except for peat manure in 1991 and 1992 which was incorporated following morning.


In all years apparent recovery of NH4-N was greater for incorporated than for surface-applied slurry.

Chen et al., 2004 grass yield and sward damage

The sward damage caused by injection, TS and aeration was assessed by means of control plots on which the machines operated without the application of slurry.  It seems that no N was applied to these plots. At one site yield was reduced by 35% by injection in July, but there was no significant difference in September.  Lack of depth control caused sward damage.  There were no yield reductions from injection at the second site, but there was a 40% yield reduction from TS. The increased nutrient efficiency from injection was found to compensate for any loss of yield from the cutting action of the injector.  Yield responses from TS, TH and aeration were similar to those found with the injector. The TH was reported to damage the grass sward in one experiment, this was attributed to the feet being too close together (20 cm).  An earlier study (Bittman et al., 1999) had reduced the spacing to 11.5 cm to assess the impact of spacing on yield and reported none.  


At one site slot injection reduced yield in July, but not in September.  At the other site there was no impact of injection, but yield was reduced by the TS.

Mattila et al., 2003 N recovery

Slurries were applied 2-3 days after first cut in late June or early July.

In 1995 injection reduced yield.  This was attributed to drought that year and wider spacing (47 cm) than in subsequent years (30 cm) reducing availability of the applied N to the grass furthest from where the slurry was injected.  Damage to grass sward was also reported, especially on the peat soil.


Injection increased N uptake in all years at the mineral site and in one of the three years at the peat site.  There was no increase from TH.


The authors cite previous work reporting that increasing the tine spacing of the injector from 30 to 50 and 60 cm decreased the yield response.  In this study the herbage was only slightly darker around the bands and the authors inferred that this confirmed adequate uptake of slurry-N from 30 cm band width.

Schils and Kok (2003), N recovery

Only 80 kg ha-1 N was applied each year as slurry, either alone or with 250 kg ha-1 N as fertilizer.  The slot injection machine was a Vredo.


In 1999 slurry injection significantly (P < 0.01) increased grass yield by c. 0.45 t ha-1 at the greater N application rate and by c. 0.61 t ha-1 at the lesser N application rate. In 2000 the yield increases from injection were negligible at the greater N application rate and c. 0.68 t ha-1 at the lesser N application rate.  In 2001 slurry injection significantly (P < 0.01) increased grass yield by c. 0.14 t ha-1 at the greater N application rate and by c. 0.74 t ha-1 at the lesser N application rate.


At both N levels, N offtake (Noff) was significantly greater with injection than with surface application.  The average increase in N offtake was 23 kg N ha-1 year-1, with a range of 18 to 30 kg N ha-1 year-1.


Overall apparent N recovery of the N fertilizer was 79%.  The mean ANR of surface-applied slurry manure was 30%, while the mean ANR of slot-injected manure was 44%.  This greater recovery was a consequence of better recovery of slurry-N applied for the second and subsequent cuts, there was little difference in ANR at first cut.
 


The positive effect of slot injection was obtained with applications from June onwards.  Slurry manure application in March resulted in a similar N utilization for both application techniques.  Application method, slurry manure type or additive use had no effect on changes in soil organic matter or soil N content. Longer-term monitoring would be needed to draw firm conclusions.  It was reported that neither application method, slurry manure type or additive use affected the botanical composition of the sward.


The application of 80 kg ha-1 N in slurries containing on average 3.9% N, of which c. 45% was TAN, might be expected to give rise to NH3-N emissions of between 40 and 60% of the TAN applied or between 14 and 22 kg NH3-N ha-1.  Details of the operating mode of the injector, such as depth to which the slurry was injected, are not given.  But, if injection was to > 5 cm, then the reduction in NH3-N emission may well have been c. 80%, hence increasing the amount of slurry-N available to the grass by between 11 and 18 kg ha-1.  In this context the measured increases in N offtake from slurry injection were somewhat greater than might be expected, but only by a small amount, and the apparent discrepancy is not great enough to doubt the accuracy of the measurements.  Matilla (2006, PhD) concluded that injection and incorporation of manures could increase crop N uptake not only by reducing NH3 volatilization, but also by introducing manure-N to the soil closer to the roots.  This could be particularly important when slurry is injected into soils that have developed a soil moisture deficit (SMD) and hence downward movement of surface applied slurry is constrained. Any effect of placement could be due to improved uptake of manure-P rather than manure-N.

Rodhe and Rammer, 2002, economics

Grass yields were measured.  In year 1 yields were limited by dry conditions, there was much variablity and no significant difference between treatments and the unmanured control was reported.  In year 2 TH and the two slot injection approaches gave greater yields than the controlled of pressurized injection.


The economic simulations showed that, under the set options, it was less profitable to use shallow injection compared with broadcast spreading or TH.  The least cost method (broadcast spreading) was the most economically advantageous up to 7000 m3 of slurry handled per year.  When handling larger amount of slurry, TH was more profitable than broadcasting.  

Application before the second silage cut in summer was more profitable than spreading before the first cut in spring.  The revenues from utilizing the N and the costs of soil compaction depended very much on the time of spreading.  For broadcast and TH the revenues from utilizing N, and the variable costs for soil compaction, were less when spreading in the summer compared with the spring.  The cost of soil compaction using a 6 m injector was twice that of broadcast and TH with 12 m working widths, with the same size of tanker and wheel equipment.  At the same time, greater revenues from N utilization were achieved with the injector compared with the other two methods.  Both the fixed and variable cost for the injector were greater than the corresponding values for the broadcast spreader and the TH.  The high variable cost was due to the injector’s rather small working width, which result in greater costs of spreading and soil compaction.  Total fixed and variable costs  of slurry handling, including transport and costs of soil compaction, were cited at (€/t) 4.05, 5.10 and 6.76 for surface, TH and OSI application respectively.

Bittman et al., 1999 yield and N uptake

Bittman et al. (1999) make the point that the majority of studies of the effectiveness of TS machines have been carried out under the temperate maritime conditions of NW Europe. Slurry was applied at two target rates, 50 and 100 kg NH4-N ha-1, and either 2-3 days after grass was cut (early) or 7-10 days after (late), with 4 replicates of each treatment.  The data for each year were combined for each of the three seasons of application (Spring, Summer, Autumn).

When 100 kg ha-1 fertilizer-N was applied delaying application reduced yield by 0.2-0.3 t ha-1, but not when only 50 kg ha-1 fertilizer-N was applied.  This was so in all seasons of application.  There was no effect on N uptake of delaying fertilizer-N application.  Similar effects have been noted in studies of cereals, that delaying fertilizer-N application may not reduce N uptake, but lack of available-N during leaf expansion may reduce leaf area index (LAI) and hence reduce total assimilate.  While N may continue to be taken up later, after LAI has reached its maximum, this N taken up later serves only to increase N concentration in the harvested product.

Yields were greater when slurry applied by TS than by SP, and in summer and autumn the early application gave greater yields than the later.  When slurry was applied by TS yields appeared to be equivalent to those obtained using fertilizer-N.

While N uptake following early application of slurry by TS appeared to be equivalent to that from fertilizer-N in summer and autumn, only in summer did N uptake from the use of TS appear to be better than from the use of the SP.

Based on the apparent N recovery (ANR) data provided, the TS improved uptake of the TAN applied by between 40 and 90% when slurry was applied soon after grass cutting, but did not always increase N uptake when slurry application was delayed, although there was a large increase from the summer applications.

The authors concluded that the effectiveness of TAN applied by TS was close to that of fertilizer in all nine experiments, whereas in four of nine experiments the SP performed poorly. Farmers require consistent crop response from manure application in order to use it as the prime source of nutrients.

Maidl et al., 1999, yield and N uptake

This paper in German, but with English abstract and table headings.  Slurry was applied to supply 50 or 100 kg ha-1 N and comparison made with plots given 50 or 100 kg ha-1 fertilizer-N.  Incorporation was to between 5 and 10 cm and gave non-significant increases in maize yield and N offtake.  From applications of 50 and 100 kg TAN ha-1, unabated NH3 emissions during May might be estimated at 30 and 60 kg N ha-1 respectively.  Immediate incorporation might be expected to reduce NH3 emissions by c. 95%, hence the N conserved would be c. 29 and 57 kg N ha-1.  With 50% recovery of the conserved N, increased uptake of c. 14 and 28 kg N ha-1 respectively. Measured increases were c. 24 and 34 kg N ha-1 respectively for silage maize. 

Rubæk et al., 1996

In 1993 and 1994 application of slurry by injection increased N uptake at the first cut by only c. 5 kg ha-1 compared with application by TH, albeit this increase was significant (P < 0.05).  Fertilizer-N recovery from the first cut, from an application of 80 kg ha-1 fertilizer-N, was c. 44 and 57% in 1993 and 1994 respectively.  In contrast apparent TAN recovery in the first cut from slurry application was 13 and 19% from TH and OSI respectively in 1993 and 15 and 20% respectively in 1994.

Laws et al. (2002) silage quality

Three slurry treatments were studied: broadcast; placement; shallow injection (using a purpose-made, small-plot applicator, not commercial machinery).  Results may have been affected by wet weather.  At both sites, silage fermentation was poor for treatment S, where slurry was applied 2 weeks prior to harvest.  The silages made on treatment I where slurry had been applied 2 weeks before harvest, particularly at North Wyke in 1999, also exhibited the characteristics of poor fermentation. The authors reported that disc injection on tall swards flattened and severed the herbage along the lines of the injection slots and the injection process was impeded. In contrast, the passage of TS caused little damage to tall swards and the slurry was deposited below the grass canopy with minimal contamination of herbage.

Laws and Pain, 2002, grazing preference

These authors make the point that contamination of herbage by slurry as a result of broadcast application may lead to grazing livestock avoiding the contaminated grass for some weeks after application.  Application was by SP, open-slot shallow injector (5 cm depth) and TS.


No significant differences were reported in Expt 1 but in Expt 2 application of slurry by Injection and TS appeared to leave the sward more palatable to the cattle.

Injection is spring produced no improvement over application by SP.  This was attributed to injection into tall swards leading to compression of, and damage to, the sward and to reduction in injection efficiency leading to herbage contamination.  The narrower working width (2.5 m, compared with 6 m for TS and 12 m for SP) also caused wheeling damage.  ''in contrast, TS slurry application caused minimal herbage damage and was the method to which the animals showed least aversion at this time of year''.

When slurry was applied to shorter grass, following silage cutting, the cattle responded as well to pastures on which injection was used as to TS, and both were better than surface application.

Earlier papers

Rees et al., 1993

Surface, TH, shallow (5 cm) injection and deep (15 cm) injection were assessed.  Yield results were inconsistent, injection reduced yields at the first cut in both years (P < 0.05), but not overall in the year when 3 cuts were taken.  This was interpreted as a delayed response due to inhibition of root growth either from increased concentration of N or root damage.  Rees et al. (20030 Concluded the agronomic benefits from injection were not greater than from surface application.

Other aspects

De Goede et al. (2003) compared earthworm populations from plots on which slurry had been applied by slot injection and by broadcasting.  Total earthworm numbers were reported to be greater where slurry was applied by injection (P < 0.05). In a farm comparison results were inconsistent.  De Goede et al. (2003) cite the results of an earlier study (Kruk, 1994, the only such studied found), who compared 15 peat meadows on which slurry was applied by slit injection with 15 meadows where the manure was applied onto the surface, found no statistically significant differences in earthworm biomass during the first three weeks after application.  Overall de Goede et al. (2003) concluded that injection reduced the number of epigeic earthworms. Anecic and endogeic earthworms were not reduced or even increased. This may be due to less direct contact with the injection device and/or the slurry. Where slot injection reduced earthworm numbers, this also reduced the calculated N mineralization by earthworms. 
Table 1.  Summary of yield and N offtake impacts.  Values cited have been estimated for yields of 10 t ha-1 and N offtake of 100 kg ha-1 from cited % differences.  Comparison is with surface application of manure, not with unmanured control
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1Harrow, in this study the crop was grass

2TH following aeration of soil

It is difficult, or perhaps more accurate to say, inappropriate to suggest overall average effects given the lack of significant difference in many studies.  The results of Schröder et al. (2007) are typical in this respect in that in one year there were significant increases in Noff when slurry was injected and in three years the recorded increases were not significantly different, despite being larger than the one significant increase.  So too with the results of Bittman et al., (2005), over an entire season Noff was not significantly greater from abatement methods, but there were some significant increases at some cuts from some manure applications.  Given the frequent reports of non-significant increases in yield and N offtake it might be argued that the lack of significance is less indicative of a lack of trend and more likely to be due to the difficulties of measuring a small increase against a considerable background variation with respect to manure application rate, manure composition, background fertility and variable weather, i.e additional N uptake is small in comparison with the sensitivity of agronomic experiments.  Hence, as an examination of the agronomic value of reduced-emission manure application techniques it is useful to make some calculations of the expected impacts on Noff and then consider whether the measured effects on Noff are consistent with our expectations.

Hence, if we use an example whereby a slurry is applied at a rate that supplies 100 kg ha-1 TAN.

· If surface-applied an average NH3-N emission would be around 40-60% of TAN, or 40-60 kg N.

· The abatement efficiencies of TH, TS and OSI are taken to be 40, 65 and 80% respectively

· Hence the application of these techniques would reduce NH3-N emissions from this standard application of slurry by  16-24, 26-39 and 32-48 kg ha-1 N respectively

· Given the reported ANR of manure TAN as between 35 and 65% (Bittman et al., 1999; Schröder et al., 2007) an average of 50% seems appropriate

Hence we would expect to find Noff in crops to be increased by between 8 and 24 kg ha-1, depending on the abatement technique used.  

The increases in Noff which were reported as significant tend ranged from 12-77 kg ha-1 from an application of 100 kg ha-1 TAN.  Hence we might conclude that the reason studies have not always reported significant increases in Noff following the application of manures using reduced-emission techniques is not due to there being no increase, but rather the increases being too small or too variable to reach significance.

Hence as a working hypothesis we could propose that the adoption of reduced emission spreading techniques will lead to increases in Noff of the size we expect from the amount of manure-TAN applied and the efficiency of the technique employed.  Estimates of the financial savings could then be made on the basis of the expected increase in Noff. 

Estimation of additional costs of applying manures by reduced-emission spreading techniques

A detailed account of the way in which these additional costs were estimated is given in Appendix 1 below.  For comparison the additional costs estimated in some other EU countries are provided, courtesy of Brigitte Eurich-Menden (KTBL), together with the additional costs actually charged by some UK contractors when they apply slurry by reduced-NH3 spreading techniques. 

Table 2.  Estimates of the additional costs of applying manures by reduced-NH3 spreading techniques, 2009.  All costs are in £ m-3.  The costs provided by KTBL were converted at 1.1€ /£.

	
	T hose
	T Shoe
	Slot Injec
	*Imm. Incorp.

	UK, March 2009, calculation for this review
	0.52
	0.52
	0.52
	0.54

	UK, March 2009, actual contractor charges
	0.35
	0.35
	0.35
	

	KTBL from Germany
	
	2.59
	3.50
	

	KTBL from Italy
	
	
	1.79
	

	KTBL from Spain
	
	1.05
	1.09
	

	KTBL from Denmark
	
	
	0.68
	


*This is the estimated maximum additional cost, based on the assumption that immediate incorpration would be an additional operation, that might take place weeks or even months before cultivating the land for drilling, and that subsequent weed growth, soil settling, capping due to rainfall, would mean that incorporating manures to reduce emissions would not reducte the cultivation required to produce a seedbed.  The cost is based on the application of 50 m3 ha-1 slurry or 50 t ha-1 solid manure
UK contractors appear to charge 20-30% more for application with reduced-emission machines than for SP.  Costs for the SP varied between less than £1 to over £2 m-3 applied.  A reasonable average would be £1.40 m-3. Thus the additional contractor’s charge for these machines over SP is estimated to be between £0.28 and £0.42p m-3.  The mean of that range (£0.35) was used in table 2. above.  Table 2 suggests spreading costs are much less in the UK than elsewhere.  However, this impression may be exaggerated due to recent changes in exchange rates.  The greater costs from Germany may reflect generally smaller farm sizes and hence smaller volumes of slurry to be spread.  Some earlier estimates by KTBL showed that for yearly volumes spread of 3000 m3 additional costs of TS at £1.45, were only c. 40% of the costs for yearly volumes of 1000 m3.

Table 3.  Estimation of the value of slurry-N conserved by reduced-emission slurry applicators using UK estimate only.

	
	Surface
	T hose
	T Shoe
	Slot Injec
	*Other

	Slurry volume, m3
	30
	30
	30
	30
	50

	N applied, kg
	150
	150
	150
	150
	250

	TAN applied, kg
	75
	75
	75
	75
	125

	NH3 emission %
	50
	50
	50
	50
	50

	% abatement
	0
	40
	65
	80
	95

	N conserved, kg
	0
	15
	24
	30
	59

	Value of extra N available, £ per 30 m3 slurry (50 m3 for immediate incorporation)
	0
	14.1
	22.6
	28.2
	55.8

	Value of extra N uptake, £ per m3 slurry
	0
	0.47
	0.75
	0.94
	1.12

	Additional cost of abatement
	
	0.52
	0.52
	0.52
	0.54

	Net cost of abatement
	
	0.05
	-0.23
	-0.42
	-0.58


Based on a price of £325 per t ammonium nitrate on 6 February 2009.  This equates to £0.94 per kg N
*immediate incorporation by plough
These uptakes and cost benefits will only accrue when slurry is applied at times when the N conserved will not be at risk of loss by leaching.  The precise time when this risk will no longer apply will depend on soil type and excess winter rainfall (EWR), and can vary considerably even within a single country (see Webb et al., 2001 for UK).  However, as a guideline, these additional uptakes should be accrued when slurry is applied in February onward.  Except for semi-arid areas, where EWR is negligible, there will be no increase in crop N uptake from reduced-emission spreading when slurry and manure are applied in late summer/early autumn. before autumn-sown crops. 
Table 4.  Estimation of the cost of immediate incorporation of slurry by plough

	
	slurry
	FYM
	poultry
	
	

	UK, March 2009, calculation for this review
	0.54
	0.54
	0.54
	
	

	KTBL from Germany
	0.73
	0.82
	0.82
	
	

	KTBL from Italy
	0.00
	
	
	
	

	KTBL from Spain
	0.48
	
	1.47
	
	

	KTBL from Denmark
	65.50
	
	65.50
	
	


Sensitivity to price changes

Table 3 provides an encouraging assessment of the potential cost-effectiveness of using reduced-NH3 slurry spreaders.  However, table 3 was based on N fertilizer prices quoted in the UK in February 2009.  This may have been an unrepresentative time to have made the assessment.  Table 5 below provides a comparison of a previous estimate of the cost-effectiveness of reduced-NH3 slurry spreaders.

Table 5.  Estimation of the value of slurry-N conserved by reduced-emission slurry applicators – 2003 data.

	
	Surface
	T hose
	T Shoe
	Slot Injec
	*Other

	Slurry volume, m3
	30
	30
	30
	30
	50

	N applied, kg
	150
	150
	150
	150
	250

	TAN applied, kg
	75
	75
	75
	75
	125

	NH3 emission %
	50
	50
	50
	50
	50

	% abatement
	0
	40
	65
	80
	95

	N conserved, kg
	0
	15
	24
	30
	59

	Value of extra N available, £ per 30 m3 slurry
	0
	5.2
	8.3
	10.3
	55.8

	Value of extra N uptake, £ per m3 slurry
	0
	0.17
	0.28
	0.35
	1.12

	Additional cost of abatement
	0
	1.44
	1.64
	2.84
	

	Net cost of abatement
	
	1.27
	1.36
	2.49
	


Based on a price of c. £100 per t ammonium nitrate in 2003.  This equates to £0.345 per kg N
*immediate incorporation by plough
In the month or so that has elapsed since table 3 was prepared the UK price of N fertilizer has decreased to £0.77/kg.  We have therefore produced estimates of the break-even price of fertilizer-N, above which the application of slurry by reduced-NH3 slurry spreaders becomes cost-effective.

Table 6.  Break-even price of fertilizer-N, above which the application of slurry by reduced-NH3 slurry spreaders becomes cost-effective.

	
	Surface
	T Hose
	T Shoe
	Slot Injec
	*

	Additional cost of abatement, £ m-3
	0
	0.52
	0.52
	0.52
	0.54

	Assumed slurry volume, m3
	
	30
	30
	30
	50

	N conserved, kg
	
	15
	24
	30
	59

	N conserved, m-3
	
	0.5
	0.8
	1.0
	1.2

	Break-even N price, £/kg
	
	1.04
	0.65
	0.52
	0.45

	Equivalent AN fertilizer price, £/t
	
	359
	224
	180
	157


*immediate incorporation by plough
Table 7.  Estimation of the value of slurry-N conserved by incorporation to tillage land by plough.

	
	Immediate
	4 h
	12 h
	24 h

	Slurry volume, m3
	50
	50
	50
	50

	N applied, kg
	250
	250
	250
	250

	TAN applied, kg
	125
	125
	125
	125

	NH3 emission %
	50
	50
	50
	50

	Abatement %
	94
	55
	16
	12

	N conserved
	59
	34
	10
	8

	Value of extra N available, £ per 50 m3 slurry
	55.2
	32.3
	9.4
	7.1

	Value of extra N uptake, £ per m3 slurry
	1.10
	0.65
	0.19
	0.14

	Cost of incorporation*
	0.54
	0.54
	0.54
	0.54

	Net gain from incorporation
	0.56
	0.11
	-0.35
	-0.40

	
	
	
	
	

	pig FYM, t
	35
	35
	35
	35

	N applied, kg
	250
	250
	250
	250

	TAN applied, kg
	50
	50
	50
	50

	NH3 emission %
	68
	68
	68
	68

	Abatement %
	92
	55
	16
	12

	N conserved
	31
	19
	5
	4

	Value of extra N available, £ per 50 t FYM
	29.4
	17.6
	5.1
	3.8

	Value of extra N uptake, £ per 50 t FYM
	0.84
	0.50
	0.15
	0.11

	Cost of incorporation*
	0.54
	0.54
	0.54
	0.54

	Net gain from incorporation
	0.30
	-0.04
	-0.39
	-0.43

	
	
	
	
	

	Poultry (layer) manure, t
	13
	13
	13
	13

	N applied, kg
	250
	250
	250
	250

	TAN applied, kg
	120
	120
	120
	120

	NH3 emission %
	52
	52
	52
	52

	Abatement %
	95
	85
	65
	55

	N conserved
	59
	53
	41
	34

	Value of extra N available, £ per 50 t FYM
	55.7
	49.9
	38.1
	32.3

	Value of extra N uptake, £ per 50 t FYM
	4.29
	3.84
	2.93
	2.48

	Cost of incorporation*
	0.54
	0.54
	0.54
	0.54

	Net gain from incorporation
	3.75
	3.30
	2.39
	1.94


Slurry abatement estimated from Fig 1. of Huijsmans et al. (2003), FYM and poultry manure abatement from UK inventory.
*Since the cost is that of an operation in addition to those required to prepare the seedbed the cost is the same regardless of the interval
Reported experience of UK farmers.  Results of survey and interviews carried out by Creedy Associates.

Practicalities and costs of using low ammonia emission techniques in the application of livestock manures to land

The aim of this project was to obtain a current view of farmers` experiences with reduced-NH3 emission spreading techniques for livestock manures and to assess the costs.

Farmers` experiences.

Information was gathered from conducting telephone interviews with farmers, contractors and machinery suppliers. Farmers included some that had participated in MAFF project WA0710 Ammonia Pilot Farms.  Creedy also drew on historical feedback from farmers during manure management workshops provided by Creedy Associates and on extensive day-to-day advisory contact with farmers.

Since farmers do not keep sufficiently accurate and detailed records on manure management, costs were based largely on standard values and on the farm business expertise of John Morgan (Creedy Associates).

Results

1.1 Farmers` experiences.

Most of the information gathered in this section relates to use of reduced-NH3 emission machines for slurry application. Although many farmers incorporate solid manure (and slurry on arable land) into the soil, there was little evidence that many do this soon enough after spreading to have a significant impact on NH3 emissions. Similarly, so called 'soft' measures do not appear to be commonly used to reduce NH3 emissions. Some farmers are, in fact, reluctant to spread in the evening because of a greatly likelihood of complaints about odour when neighbours are home.


As to be expected, farmers` experiences and views varied widely from having no interest or intention of employing the machines, to having tried and dismissed a machine to being very enthusiastic and using on a regular basis.  In the time available, it was not possible to identify the reasons for this wide variation although it did appear that the more progressive, younger farmers were keener on using the machines.  No doubt soil type, topography, current management, proximity of contractor/machine supplier and local advice play a part.  However, the responses were much more positive than we had expected!  The main conclusions are:

1.    There has been a large increase in the uptake of the machines over the past year or two. This seems to have arisen from pressure from farmers rather than 'hard sell' from contractors or suppliers.

2.    The main reason for use is savings in fertilizer, especially with recent increases in N prices, smaller and more accurate application (especially on growing cereals), less contamination of grass for grazing (application between grazings) and silage and odour reduction (especially on pig farms) in specific locations.

3.    In general, capital cost of ownership is too high for individual farmers and most use contractors.  Pig farmers appear to be more likely to own a machine than cattle farmers.  It is conjectured that this may be due to the greater need of pig farmers to control odour.  More highly skilled labour is needed than for splashplate.  Of particular interest, a contractor in Dorset invested about £0.5M in a complete 'Terrigator' injector set up and applies about 140,000 m3 slurry /year to a wide range of crops often at relatively low, but accurate, application rates.  Some slurry is exported from livestock (pig) to arable farms with the latter receiving slurry for free but paying for transport and injection.

4.    The machines are generally reliable and most problems/breakdowns can be fixed fairly readily. Macerators do block but this did not appear to be seen as a real problem. There are issues with using thick slurries or those contaminated with stones, plastic etc.

5.    There was insufficient information to rate machines according to popularity. However, the evidence indicates that shallow injectors are popular for use on grassland unless conditions are such that there is poor soil penetration (esp. very heavy or stony soils) or soils are too wet resulting in damage to the sward.  Soil compaction and damage to gateways and headlands were also mentioned.  Trailing shoes overcome some of these problems, and may be increasing in popularity for grass, although new injectors are adjustable to allow slurry to be placed on the surface.  Injectors can apply greater application rates than TH but some farmers claim the former encourages weed growth along the slot. Trailing hoses/dribble bars are more common on arable land for growing crops and can be used on crops up to 15 cm high but extra storage is needed to apply from March to May. Application to growing crops may increase with extended closed periods for spreading in NVZs.  No one type of machine is suitable for all circumstances and, on some farms, it would not be possible to use any of the machines due to soil type, slope etc.

6.    Contractors appear to charge 20-30% more for application with reduced-emission machines than for splashplate.  Costs (and how they were calculated) for the former varied between less than £1 to over £2 m-3 applied.  A reasonable average would be £1.40 m-3. Thus the additional contractor’s charge for these machines over splashplate is estimated to be between 28 and 42p m-3.  This study estimated the value of extra N for TH, TS and OSI to be 0.24, 0.38 and 0.47p, respectively. At current high N fertilizer prices, there would be a small cost benefit over SP solely on savings on purchased N in most circumstances.

1.2. Ammonia Pilot Farm project

Re-contacting farmers who participated in the project gave an opportunity to gather experience from farmers who owned and operated reduced-emission machines over the longer term. The experiences of these farmers are summarised below:

1.
A dairy farmer on a gritty loam over clay soil (Somerset) with high rainfall gave up on his 10 m3 tanker-mounted disc injector mainly due to problems of soil compaction, damage to gateways and headlands and damage to grass swards. There were also difficulties with soil penetration in dry weather and problems with blockages.  He now applies mechanically-separated slurry, that infiltrates into the soil very quickly, with a TS (contractor operated) to grassland and TH to growing cereals. Separated solids are composted with FYM and spread on stubbles with incorporation within 1 or 2 days. 

This farmer also installed covers on 2 circular steel slurry stores. In both instances there was re-occurring damage to the stores, most recently following heavy snow fall and high winds so he would not cover this type of store again.

2.
In contrast, another dairy farmer on heavy clay soil (Gloucestershire) has successfully used his 7 m3 disc injector for the past 11 years.  He makes the point that he maintains it well because he could not afford to buy another.  He sites damage to gateways and headlands and occasional blockages together with high maintenance costs as problems.  Much improved utilisation of slurry and lack of contamination of grazed grass have encouraged him to convert to organic.

3.
A third dairy farmer on clay/loam soils (Cheshire) still operates his 10 m3 tanker-mounted 4 m wide injector and has not experienced problems with the flexible cover on his circular steel slurry store. The latter reduces volume of slurry to be spread by 17%. About 50% of the slurry is injected into grass for silage and grazing saving about £10,000/year on fertilizer.  The rest is spread via umbilical splashplate prior to sowing maize.  Maintenance costs have been high for the amount the machine is used and he could not afford to buy another machine.  There are problems with accessibility to same fields and with blockages.

4.
A dairy/arable/poultry farmer on mixed light and medium heavy loams (Cheshire) continues to use his 12 m wide TH mounted on a 11.3 m3 tanker.  Dairy slurry liquid (from weeping wall store) is applied to grassland for grazing throughout the season, after cutting for silage and to growing cereals and claims to save £15,000/year in fertilizer costs.  Splashplate is use for spreading on cereal and maize stubbles.  In addition to savings on fertilizer, the advantages of TH include flexibility to apply to crops as and when required, accurate placement on crop and odour reduction.  No operating problems have been encountered with using weeping wall liquid but repairs/replacement parts (macerator blades, hoses) have cost £3000 over the 11 years of operation.  The machine also requires a very large tractor (200 hp) to pull it.  Even so, the farmer is very pleased with the machine and says it has made a significant, positive impact on his business.

5.
A pig farmer on a heavy clay soil in the Midlands gave up on both an umbilical disc injector and a TS due to soil compaction and high operating costs.  Soil penetration was also a problem with the injector.  He now successfully uses a TH machine to apply to growing crops and considers this to be the only option on his soils.  The flexible cover on his above ground concrete store has proved successful.

Another pig farmer still uses his 7 m3 tanker with 4 m wide disc injector on hilly loam/silt soil (Cornwall) to apply about 85% of his slurry to both grass and arable land.  Odour control, fertilizer savings and lack of crop contamination are seen as advantages on this farm.  He claims to have saved £23,000 on purchased fertilizer over 8 years.  He cites high maintenance cost as a disadvantage and, even though machine had driven rear axle, there are problems on steep slopes.  Could not have afforded to purchase without subsidy from the project.

6.
A third pig farmer on heavy, seasonally waterlogged clay soil in Cornwall continues to use his 4.2 m wide injector mounted on an 8.4 m3 tanker to apply mechanically-separated slurry.  85% is applied to grassland and 15% to arable saving about £17,500/year on N fertilizer.  In addition, odour control is of great benefit together with flexibility and timeliness of application.  High capital and operating cost are disadvantages but soil compaction, damage to gateways/headlands no worse than vacuum tanker and splashplate.  Only 50% of slurry is applied via injector (an umbilical splashplate is used for the rest) because ground conditions are unsuitable at some times of the year.

The main conclusions from this part of the project are:

· All the farmers are still using reduced-NH3 emission machines after 10 – 11 years, albeit one has stopped using an injector in favour of a TH, and most still have their original machine.

· Most claim that the machine has had a positive impact on their business, especially in terms of saving on fertilizer costs, flexibility in when and where to apply slurry accurately and according to crop requirements and odour reduction.  It is not always clear whether or not savings in fertilizer are entirely due to the machine or could have been achieved by more considered use of splashplate spreading.  There is no doubt that the machine encourages, and makes it easier, for farmers to use slurry more effectively.

· Most could not afford to replace the machine nor could have afforded to initially purchase without subsidy from the project.

· All claim maintenance costs to be relatively high but, in general, resolved mechanical problems.  None had accurate costs, some assume maintenance to be 4% capital.  Most did not think running costs were significantly more than tanker and splashplate because time for filling tanker and transport to field, that accounted for large proportion of total time, were the same.  Unfolding the boom added some time to TH machines.

· Many farmers were not able to use the machine to apply all the slurry produced on their farm and often used SP for a proportion. This was due to difficult soil conditions (too wet or too dry at times of the year, stony or steeply sloping land, some slurry too thick or containing stones etc, inaccessibility of some fields.

Appendix.  Basis for UK cost estimation

Creedy Associates (John Morgan and Brian Pain)
Costs of machines

Introduction

As with most machine-based operations on farm, the running costs of the tractor pulling the implement, is a considerable element of the overall cost.  This section of the review aims to outline the key elements that have been taken into account when working out the running costs of livestock manure spreading equipment.  The annual running costs of a suitable tractor are reviewed alongside those associated with reduced-emission spreading equipment such as injectors, trailing hoses and trailing shoe machines as well as cultivation equipment required to incorporate solid manures.  Finally an attempt has been made to identify and provide examples of financial savings made possible by the co-benefits of reduced-NH3 emission spreading of liquid and solid organic manures.

Tractor running costs

Depreciation

A non cash payment, depreciation is an estimate of the falling value of an asset over time.  In theory this deprecation, if set aside in a reserve fund, should be sufficient to replace the asset as and when the time comes.

Depreciation occurs for three reasons, obsolescence, gradual deterioration with age and wear and tear as a result of the tractors use.  While the first two reasons are time related and are largely age related, wear and tear is a result of its use and is directly linked to the hours a tractor works during a year.  If the first two reasons predominate then depreciation tends to be more of a fixed cost.  If the tractor does many hours the wear and tear associated with this use becomes the key element of its depreciation over time and in effect makes deprecation more of a variable cost (rises proportionately as hours worked increases) than a fixed one.

Depreciation tends to be calculated either via the straight line or diminishing balance methods.   The straight line method of calculating depreciation divides the difference between the purchase price and anticipated sale price or scrap value over the years the machine is owned.  The diminishing balance method deducts a constant percentage of the written down value off the written down value each year.   As a result the annual deprecation in monetary terms reduces each year reflecting the inherent residual value that any tractor is likely to have regardless of its age.   

While the straight line method of calculating depreciation is very simple its major flaw is that it takes no account of the workrate of the machine.   The calculated straight line depreciation on a tractor working 1000 hours per year would be the same as one working 250 hours a year which would be clearly wrong bearing in mind the reduced wear and tear on the second machine.  As a consequence of the inherent weakness in the straight line method the diminishing balance method is used particularly where tractors are used for a large number of hours each year.   

Typically 35 – 40% of a machines original purchase price is achieved when sold after 10 years.  

Effect of annual work rate.  

As noted earlier, while the rate of depreciation is not directly linked to hours worked there is a close link between the two.  As a consequence the more hours a machine works the less the depreciation per hour.  This reducing rate of depreciation needs to be balanced by the likely increase in repairs and maintenance cost as the hours worked increases.  

Interest on capital

The capital invested in the ownership of a machine either results in lost interest, if purchase money has been taken from reserves, or actual interest payments if capital is borrowed.  This lost or extra interest payment should be taken in to account when working out the cost of running a machine.  When working out the interest payment associated with a machine the average interest paid over the life of the machine is used and is therefore calculated on the average capital invested.  Typically interest is calculated on half the initial capital cost on the basis that the machine is being written off over the time and the deprecation money is being invested and earning interest in preparation for the machines replacement.  The interest rate charged on this capital will inevitably depend on the personal situation of the machines owner and the interest rates at the time. Whether interest is being lost, as a result of money from reserves being used to finance a machine, or paid as a result of borrowed finance the rates paid are to a large extent linked to the Bank of England base rate.  The low Bank of England rates at present mean that the interest element of machinery running cost is relatively low.   
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Appendix Figure 1
The annual depreciation (diminishing balance method) on a £51,000 four- wheel drive tractor over a 10 year period.

The annual interest charge on a £51,000 tractor would be based on an average capital invested figure of £25,500.  Based on the current Bank of England base rate this capital could be secured at a rate in the region of 3 – 6% depending on circumstance.  Taking an average rate of 4.5% the interest on the tractor would be £1150/year.  As a truly fixed cost the annual interest charge would be diluted or concentrated directly depending on the hours worked in a year.  

Insurance

Insurance on machines equates to approximately 2% of the average capital value of the machine.  The individual farm or contractor “no claims” records have the biggest impact on the actual farmer or contractor rate. 

The annual insurance cost of a £51,000 (purchase price) tractor (average capital value £25,500) would be £510. Like interest on capital, insurance costs are fixed and as a consequence would be diluted or concentrated depending on the hours worked.  

Fuel

Fuel costs of a tractor are truly variable being a consequence of the hours worked by the machine multiplied by the fuel price per hour.  Average fuel consumption of between 18 -25 litres/working hour are quoted for 100 – 180 Horse Power tractors.  While fuel consumption is known, the dramatic variation in fuel prices over the last year make predicting fuel costs per litre very difficult.  Prices gathered in early March 09 suggest a price per litre is in the region of 38 p.  Using this figure, fuel costs per hour of between £6.84 and £9.5 have been calculated as typical.  
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Appendix Figure 2.  OPEC Oil prices US$/barrel over last 38 months. Source Dairy Co

Repairs

While it is tempting to assume that repair costs rise or fall directly in proportion to the hours the machine works like other variable costs, certain repair costs are in fact related to the machines age.  Examples of such fixed costs would be battery life.  This point made, repair and maintenance costs while not directly linked to workrate are very closely associated with the amount of work undertaken and for practical reasons repair costs tend to be linked to hours worked.  Repair costs for tractors are typically assumed to be in the region of 8% of the initial capital purchase price of the machine.   For the £51,000, 1000 hour, example tractor repairs and maintenance costs have been calculated at £4080/year or £4.08/hour.

Labour

Labour costs, be they paid by the farmer direct or via contractor, have remained relatively static in recent years.  Hourly rates of £9 - 10/hr are typical for tractor drivers and foreman/supervisors respectively.  The relatively slower work rate of the reduced-NH3 emission spreaders will inevitably increase the cost per hour of using this equipment.  Interestingly while there is a difference in the output of the machinery in the field, when spreading with a tanker-based system, most of the time taken is a result of the travel to and from the field.  Even with slower application rates of band spreaders compared to surface spreading, the overall increase in work rate is relatively small.  Appendix Table 2 taken from a DARD technical note, Alternative Spreading Systems, shows the difference in number of tanker loads over an 8 hour period between two different spreading systems with system B being based around a lower output spreader.

Appendix Table 2.  Slurry tanker loads per eight hours at two different work rates in the field

	
	Travel time to field from slurry store
	Time to spread slurry in field
	Travel time to slurry store from field
	Time to fill tanker at slurry store
	Efficiency
	Tanker loads per 8 hours

	A
	4 mins
	4 mins
	4 mins
	4 mins
	80%
	24

	B
	4 mins
	6 mins
	4 mins
	4 mins
	80%
	22

	Difference A-B
	
	+50%
	
	
	
	-9%


Source: Derived from Lenehan 2004

When fitted to umbilical systems the reduction in work rate compared to splash plates will be more marked, however work rates are so quick with umbilical systems that very high application rates per hour are possible with any applicator.  

Spreading machinery running costs

Depreciation

In addition to the tractor required to spread slurry or solid manure the actual spreading machine will also have significant running costs. The three, obsolescence, gradual deterioration with age and wear and tear elements of machinery depreciation will apply.  The obsolescence element has been considerable in the past, particularly for band slurry spreading machines, as the release of new improved machines makes their predecessors obsolete earlier than may be anticipated for more mature types of equipment e.g. ploughs.  

Typical depreciation rates would be in the region of 15% of the initial purchase price.  As with many machines initial annual depreciation would be higher than this but late in the machines life rates would fall.   Assuming an initial capital cost of a tanker plus band spreader of £28,000, See Appendix table 2 below, deprecation would typically be £4200/year.  It is assumed that the machine is sold after 6 years of use at 10% of its initial purchase price.

Repair and maintenance costs

Repair costs associated with machinery that is attached to the back of a power unit such as a tractor, tends to be directly linked to the number of hours worked.  As the hours of work increase so will the repair and maintenance costs and vice versa.  Machines that require direct soil to machine contact such as injectors will inevitably have much higher repair and maintenance costs that those that do not.  Repair costs of individual farm machines over a long enough time to come up with genuine averages are very rarely kept.  Budgeting estimates of 7% of initial purchase price are quoted for the first 200 hours of use with an additional 2% of purchase cost per 100 hours above this 200 hour base for machines with limited soil to machine contact.  Annual repair costs in the region of 13% of the initial purchase price should therefore be budgeted on machines that do 500+ hours.  Assuming an initial capital cost of a tanker plus band spreader of £28,000 repairs and maintenance costs would therefore typically be £3640/yr.

Interest on Capital

The capital cost of reduced-NH3 emission machinery will depend on size of machinery as well as manufacturer.  Appendix Table 2 taken from Managing Livestock Manures 'Spreading Systems for Slurries and Solid Manures' booklet shows the relative capital cost of different types of spreaders.

Appendix Table 2.  An estimate of the relative capital costs of different types of slurry spreader

[image: image3.emf]
It should be noted that the above, while a useful example of previous, qualitative, assessments, is not entirely consistent with the findings of this review.

The above table only provides very general guidance for dry matter.  In the Netherlands pig slurry is typically 10% DM and is spread by injector.  Problems may arise from straw or silage getting into the slurry , but most of these machines have macerators and the Defra pilot study (see below), indicated that the macerators were pretty robust.  There may also be loading problems with thick slurry as well as pumping problems for umbilical systems.  

Quoted prices for the OSI, TS and TH machines range between £14,000 and £41,000.  These costs are for the application unit only.  

Appendix Table 3. Quoted prices for a range of tanker and umbilical mounted band spreaders as at February 2009

	Machine
	Type
	Maker
	Price (£)

	Shallow Injection
	Tanker 5.2 m
	Major
	31,900

	Shallow Injection
	Tanker 6.4 m
	Major
	33,000

	Shallow injection
	double disc 6 m
	Samson
	28,000

	Shallow injection
	to mount on tanker, 4 m
	Spreadwise
	14,000

	Shallow injection
	umbilical, 4 m
	Spreadwise
	14,500

	Trailing shoe
	Tanker 5.2 m
	Major
	35,200

	Trailing shoe
	Tanker 6.0 m
	Major
	36,300

	Trailing shoe
	10,000 L tanker, 7 m 
	Schuitemaker
	41,000

	Trailing shoe
	tanker, 7.5 m
	Hi-Spec
	33,000

	Trailing shoe
	umbilical, 6 m
	Tramspread/Joskin
	13,500

	Trailing shoe
	6 m, to fit on 11,000 L tanker
	Joskin
	28,000


Using the same logic re interest rates as is set out for the tractor above i.e. an assumed interest rate on the average capital outstanding, the annual interest rate for a £28000, (average capital value £14000) machine would be £630.

Combined Tractor  and Band Spreader Running Costs

Taking all the individual cost elements outlined and explained above it is now possible to estimate the costs of running a tractor and band spreading machine annually, hourly and per unit of volume of slurry spread.  The costs of running such a combination are set out in Appendix table 4.

Appendix Table 4.  Combined running costs per hour for a 150-180 HP £51000 initial purchase price tractor (1000 h/yr) plus £28,000 tanker based band spreader running for 500 hours per year

	Tractor Running Costs
	Annual Cost (£)
	Hourly rate assuming 1000 hours (£)
	m3 rate Assuming 27 m3 spread per hour (£)

	Tractor Depreciation (Diminishing balance over 10 years)
	3500
	3.50
	0.13

	Interest on Capital
	1150
	1.15
	0.04

	Insurance
	510
	0.51
	0.02

	Fuel (38 ppl)
	8170
	8.17
	0.30

	Repairs and maintenance
	4080
	4.08
	0.15

	Labour
	9500
	9.5
	0.35

	Total Tractor Costs
	26910
	26.91
	1.0

	Band spreader running costs
	Annual Cost (£)
	Hourly rate assuming 500 hours (£)
	m3 rate assuming 27 m3 spread per hour (£)

	Band spreader depreciation
	4200
	8.4
	0.31

	Band spreader repairs (average of all three types)
	3640
	7.28
	0.27

	Interest on capital
	630
	1.26
	0.05

	Insurance
	280
	0.56
	0.02

	Band spreader costs
	8750
	17.5
	0.65

	Total Package 
	
	44.41
	1.65


We considered it is impossible to produce accurate costs for every type of machine without setting up a project to track costs in a standard way over a long term period of time.  Issues will arise with respect to machines produced by different  manufacturers and interactions with soil type, maintenance and workrates.  

The costs assume a 6 year write-off with a final sale price of 10% of the purchase price.  

While interest rates are currently very low, this will only reduce costs per m3 by a very small amount.  We have assumed that the depreciation money would be set aside to replace the machine after 6 years.  As a consequence we have not included a capital repayment element in my costs.  

Difference between splash plate machines and reduced-NH3 emission spreaders.  

The key differences when calculating the direct differences in cost between band spreaders and splash plates are:

· Slower work rate of band spreaders and therefore higher tractor costs per unit of slurry spread.

· Lower repair costs associated with splash plate machinery due to less soil/machine contact and less moving parts.  

These differences have been used to calculate the spreading costs via a splash plate tanker.

Appendix table 5.  Annual running costs of splash plate applicator

	
	Annual running costs (£)
	Cost per hour (£)
	Cost per m3
Broadcast***

	Tractor
	26910
	26.91
	0.90

	Spreader Depreciation
	*1800
	3.6
	0.12

	Splash plate repairs
	**1200
	2.4
	0.08

	Interest on capital
	270
	0.54
	0.018

	Insurance
	120
	0.24
	0.008

	Spreader  cost
	3390
	6.78
	0.23

	Total package
	
	33.69
	1.13


*assumes purchase price of tanker of £12000, **assumed 10% repair cost for tanker, ***30 m3/h spread rate assumed 9% greater work rate.
As expected the costs per annually, per hour and per unit of slurry spread are considerably less when using a splash plate machine.  A typical 50 m3 application of slurry via a band spreader would cost £80.  The same slurry applied via a splash plate would cost £49.5.  The difference of £30.5 needs to be made up with tangible fertiliser nitrogen savings and or the additional “add on” benefits associated with reduced-emission machinery.
Cost of rapid incorporation

It might be argued that there are no inherent extra costs associated with rapid incorporation of solid manures in most circumstances.  Incorporation of manures will usually occur at some stage post spreading. The key issue is the time between spreading and incorporation.  However, in the UK, manures are often spread to arable land over the winter in the period between harvest of cereals and planting of spring-sown crops such as sugarbeet and potatoes.  Normal practice is for the manures to remain on the soil surface until cultivation prior to planting in March or April.  Hence if manures are to be incorporated soon after spreading this is likely to introduce an additional cultivation, since in the interval between ploughing subsequent soil settlement and weed growth might requires another cultivation before seedbed establishment.  Even for manures applied in late summer or early autumn, shortly before planting autumn-sown crops, there is an issue with respect to logisitcs.
Logistics

The primary challenge associated with incorporation within 24 h of spreading is logistics.  Practically many farmers find it difficult to have spreading and incorporation machinery on site at the appropriate time.  For the one man band type farming operation rapid incorporation relies on the farmer regularly swapping machines on his tractor which can waste significant quantities of time and slow down work rates.  For larger operations liaisons with farm workers and contractors is needed to ensure required machines are on site at the same time.  In addition, work rates of the incorporation and spreading machinery need to be matched to keep all units working at optimum speeds.  Matching work rates is not simple particularly bearing in mind the different travelling times between different blocks of land for spreaders and different work rates of cultivation machinery based on soil type, machinery size etc. 

To avoid the challenging logistics identified above an extra pass of an incorporation machine could be planned for.  Use of such an approach would ensure maximum work rates of all other machines and labour units associated with manure application.  Tractor costs for such an operation would be similar to those identified for the band spreading machines.  Incorporation would be typically via a surface cultivator. The running costs of which are shown in table 6.
Appendix Table 6.   Annual and hourly based incorporation costs for a £12000 cultivator working 200 h per year.

	
	Annual running costs (£)
	Cost per hour (£)
	Cost per ha*
	Cost per m3/tonne**

	Tractor
	26910
	26.91
	15.4
	0.31

	Cultivator depreciation (15%)
	1800
	9
	5.14
	0.10

	Cultivator repairs and maintenance (14% of purchase price)
	1680
	8.4
	4.8
	0.10

	Interest on capital
	270
	1.35
	0.77
	0.02

	Insurance
	120
	0.6
	0.34
	0.01

	Total Cultivator  cost
	2790
	19.95
	11.4
	0.23

	Total package
	
	46.86
	26.77
	0.54


Annual work rate of 1000 hrs for tractor and 200 hours for cultivator * assumed work rate of 1.75 hahr 
**Assumed application rate of 50 m3/ 50 tonnes/ha
It would be very difficult to come up with a robust set of assumptions re opportunity cost savings or loss resulting from such a small change in the interval between spreading and incorporation.
Ground truthing of costs 

The above costs have been based on a combination of standard cost estimates, plus farmer and author experience.  As a general rule farmers rarely calculate reliable costs of machinery operation and therefore generating information from this source alone would be difficult and potentially inaccurate.  Contractors will in many cases attempt to calculate tractor and machine running costs and will use these to set rates charged to clients.  Where possible these contractor costs have been used to ground truth the above costs or running machines.  Further work in this ground truthing via contractors area would further improve the accuracy of the costings.  

Additional benefits of band spreading 

Benefits of increased spreading window

The use of injection, TH and TS application machines aims to place slurry in to or very close to the soil surface and in so doing dramatically reduce the surface contamination of the crops on to which slurry has been spread.  This reduced surface contamination cuts down herbage grazing rejection levels as well as the risk of contaminating subsequent silage or hay crops with harmful bacteria which can result in poor silage fermentation.  As a result slurry can be spread much closer to a subsequent grazing or forage cut.  Farmer experience of using a TS application on grassland has highlighted the importance of this increased spreading time flexibility.  

Work in carried out in 2001 and reported in 2002 (Williams & Chambers, 2002) illustrated that the number of available spreading days was doubled when TS machinery was used on a large dairy farm in Worcestershire compared to traditionally broadcasting.  The main reason for the increased number of spreading days was less sward contamination reduced spreading drift and odour nuisance also played a part.  The use of the TS equipment allowed grazing within a few days as opposed to the 3-4 weeks that would otherwise have been the case.  This ability to use fields relatively quickly post spreading with such machines has been cited by farmers as a significant advantage.
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Appendix figure 3.  Number of available spreading days when dairy slurry broadcast or spread via a trailing shoe  (Dairy Farm Worcs)
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Appendix figure 4.  Effects of slurry application on 1st cut silage NH4-N content (IGER 1999, Laws et al., 2003)

Experiments that quantified the NH4-N content of silages made following slurry spreading via band and surface spreading were carried out on two UK sites in 1998/99 (Laws et al. 2003).  Ammonium-N content levels in a grass silage are often used as one of the indicators of silage fermentation quality.  Ammonium-N levels below 100g/kg total N usually indicate well fermented silage.  The work and Appendix figure 4 shows that silage quality has the potential to be compromised if slurry is surface spread relatively close to cutting time and that this risk is all but eliminated if band spreading techniques are used. 

High Ammonium-N rates primarily reduce the intake potential of silage.  If total animal energy intake is to be maintained additional concentrate feed will be needed.  For example if, on a 100 cow dairy unit silage DM intake was reduced by 2 kg DM/head per day as a result of poor silage fermentation for a full 180 day winter, in the region of 41 tonnes of extra concentrate would be needed to replace the energy not provided by the silage.  Assuming a concentrate straight such as wheat feed was purchased to supply the lost energy from silage, 41 tonnes would cost £131/tonne (March 09) or £5371.

The increased number of spreading days associated with reduced-NH3 emission spreaders provides more opportunities for farmers to spread on more of their land.  By being able to spread on more of their land, slurry spreading at target application rates is more realistic and less purchased fertiliser will be needed.  Knowing that he can spread slurry safely, without overly risking the fermentation quality of his first cut silage, in March, enables a farmer to target early January/February applications of slurry on grazing grass which historically received a compound fertilizer.

It is difficult to quantify the value, if any, of additional days of grazing.   The same yield of grass will be grown during growing season whatever the number days of grazing available, so no extra food will be produced.  In theory having more spreading days should mean less slurry storage is needed.  That said the NVZ requirment means that most farmers will have to have 5 months winter storage and therefore should have plenty of surplus storage in the spring and summer in most cases.
Accurate application rates

A key strength of the reduced-NH3 emission spreading machinery is the ability to apply slurry evenly across a fixed bout width and therefore much more accurately than broadcasting.  Such an attribute is very important particularly in current financial circumstances where the cost of fertilizer is forcing/encouraging farmers to make maximum use of their slurries to replace purchased nutrients.

When using reduced-NH3 emission spreading machinery bout width is simply the width of the boom or injector toolbar.  When using splash plates to broadcast slurry achieving event spreading rates is more difficult, bout widths need to overlap.

Such improvements in accuracy of application increases the number of target crops onto which slurry can be applied as a replacement to other fertilisers.  The target crop list for applying slurry with reduced-NH3 emission spreaders is considerable with many arable field crops being added to the traditional targets such as grassland.

Although we have made our estimates of cost savings [see section] on the basis of additional N conserved by reducing emissions of NH3, there is also an issue, which cannot be readily quantified, of improved farmer confidence due to the accurate bout width and resultant accurate application rates onto the soil surface in a growing a crop in the ability of manures to supply P and K as well as N.  Because a farmer can be confident of application rates he is potentially better able to replace historic bagged fertiliser. 

If such spreading accuracy is combined with known quality of slurry, increased proportions of the total crop N requirements can be confidently applied to crops via slurry.  Historically over-reliance on the N supplied via broadcast slurry had the potential to cause over- or under-application and consequential problems such as lodging crops (too much N) or underperforming crops (too little N).  To avoid such problems the advice has been to supply a maximum of 50-60% of the crops N requirement from organic manures.  The improved accuracy associated with reduced-NH3 emission spreaders could allow the 50-60% figure to be increased to say 60-70% and as consequence reduced the manufactured fertilizer needed for a crop by a similar amount.  For example, a typical wheat crop receiving 220 kg ha-1 of N, supplying 10% more of the N requirement via slurry will reduce the purchased fertilizer bill by 22 kg ha-1 or at current fertiliser prices (£0.77 kgN) £16.94 ha -1.

The improved accuracy and fixed bout width is increasing the popularity of slurry application to arable crops in the spring.  The inputs to these crops are often applied via fixed tramlines within the field.  Matching bout width of slurry spreading machines with existing tramlines makes very good sense and allows for spring top dressing of crops with valuable N, phosphate (P2O5) and potash (K2O).  

Fixed bout widths also allows farmers to spread up to legal (Cross Compliance and NVZ) field margin limits with confidence.  The unpredictability of splash plate spreading patterns inevitably means that to be on the safe side drivers keep further away form ditches, watercourses, hedges and well/boreholes than they are legally required to do so.  Use of reduced-NH3 emission spreaders allows them to spread up to the legal boundary of the fields thereby increasing the area on which manures can be spread.

Odour reductions

The close proximity of commercial agriculture to members of the non farming general public who often have very different views as to what is acceptable both visually and nasally has always been a challenge to livestock farmers.  At best this difference of opinion has resulted in limiting the available spreading days on fields located close to dwellings to days when weather conditions are suitable or on new crop establishment when rapid incorporation of manures pre-establishment, limits the odour.  

Reduced-NH3 emission spreaders reduce the odour associated with slurry spreading considerably.  Injection of slurry results in the biggest reduction being followed by TS and TH machines respectively.  The reduction in odour emissions allows farmers to spread slurry on more fields than would have otherwise been the case.  The ability to do so will result in direct fertilizer savings on these fields as the bulk of crop needs can be supplied via slurries.
To value the potential benefits of reduced odours following the application of manures is also difficult.  Suggestions have been made with respect to property prices and other such externalities.  However, external costs are outside the remit of this review and will not be referred to again.  For most farmers there is no potential financial benefit since they can operate without the need to control odour.  
For those who are required to avoid nuisance the only potential gain is the avoidance of being fined for breaking the law.  For example, in the UK, under the Environmental Protection Act 1990, domestic and commercial odours are investigated by local authorities (where applicable, district councils rather than county councils).  This means that there may be some variation in the approach taken between different authorities.  Section 79 of the Environmental Protection Act 1990 lists all issues that can be dealt with as a statutory nuisance.  The odour needs to be considered to be a Statutory Nuisance from an Environmental Health Officer’s professional opinion.Obtaining data on the potential scale of fines was also difficult.  The table below lists the range of fines in countries from which such data could be readily extracted.
Appendix table 7.  Potential fines for causing nuisance by offensive odours (£)
	Country
	
	Maximum
	
	

	UK
	
	20,000
	
	

	Japan
	
	*7000
	
	

	Canada
	
	5500
	
	


 *1 M ¥
In Japan a custodial sentance of up to a year may be imposed instead of a fine.  West Vancouver has recently adopted amendments to its nuisance bylaw that will allow the district to fine odour-generating businesses up to $10,000 for failing to eliminate offending odours.

In the UK at least the majority of complaints arise following the application of pig manures.  A 2000 finishing pig unit will produce c. 3000 m3 undiluted slurry per year.  Hence the maximum fine could be equivalent to c. £7.00 m-3, much more than the additional cost of application.
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