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The aim of this questionnaire was to learn from the experience of countries that have already implemented national mandatory requirements to use low ammonia emission spreading techniques.  This should provide valuable information to inform the discussion with experts in TFRN and with policy makers in WGSR. 

Question 1.  What are the minimum standards that most Danish farmers should follow in regards of spreading of liquid manure to land?   

(Where possible it would help to relate these to the "splash plate spreader" as the reference method in the UNECE Ammonia Guidance Document.)  e.g. is there a near universal requirement to use low emission spreading methods, and if so, which level of ambition? (specified by % reduction standard to the reference or list of acceptable technologies). 

No broad spreading (banned in 2003)
Incorporation of liquid and solid manure within 6 hours after application on black soils.
Mandatory injection on grassland and black soils, except application in growing cash crops (mainly cereals).

Manure application are only allowed to crops having a N-application norm (it means that you cannot apply manure to set-a-side)

No application on Saturdays and Sundays on fields which is closer than 200 meters from towns (defined as minimum 6 houses) and summerhouses.

No application guns/canons are allowed. 

No application between harvest and 1. February for cash crops/cereals except for overwintering grass crops and winter rape and areas with grass seed (harvested next summer) 
In autumn is solid manure application only allowed on areas where there is a crop for the following year.

Maximum application rate for cattle slurry is 1.7 LU or 170 kg N per ha, where 1 LU is defined as 100 kg N in the manure just before emptying the storages (not to be confused with N excretion.

For pig slurry is the maximum application rate 1.4 LU or 140 kg N per ha.

Liquid slurry must not be applied to slopes > 6 degrees towards streams, lakes > 100m2 or fjords within the vicinity of 20 meters from the stream, the lake or the fjords upper ridge.

In some occasions where a farmer has very high frequencies of grass in his rotation he is allowed to apply up to 2.3 LU. This rule is of special value for organic cattle farmers.

Question 2. What are the minimum standards that most Danish farmers should follow in regards of spreading of solid manure (farmyard manure) to land?

(e.g. requirements to incorporate manure to arable land within a certain time scale?)

No spreading of solid manure between harvest and 20. Oct. and only spreading on areas with following winter crop.
Question 3. Are there additional higher standards required by some farmers in some sensitive situations?  (As this could get complicated, a brief answer here is sufficient.  Our main emphasis is on national scale mandatory requirements). 

see above
Question 4. Are some exemptions allowed to farmers to the minimum standards specified in Questions 1 and 2?   

Please specify any exemptions, and any relevant thresholds: e.g. for small farm holdings (small number of animals, small area of agricultural land)?

* fields with stony soils (where injection methods not possible)?

* fields with steep slope ?  (It may be that you conclude no slurry should be applied anyway to such fields * due to nitrates policy)

* emergency application e.g. during extreme weather events.

* Any use of ammonia emission forecasting systems?

No exceptions in Denmark. We do not have stony soils. See above
Question 5. Optional question:  Do you have estimates on the additional costs of spreading manure by using low emission methods?  If so, please provide. 

Additional costs for injection compared to hose trailing. Danish Kroner per ton slurry. 1€ = 7.48 DDK. As can be seen is injection on black soil (sortjordsnedfældning) estimated to have benefit of 1.20 € and the cost for injection in grass sward are 0.80€.

http://www.foi.life.ku.dk/Publikationer/~/media/migration%20folder/upload/foi/docs/publikationer/udredninger/2006/udredningsrapport%20for%20teknologier.pdf.ashx
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Question 6. What benefits have been considered as important in consideration of these measures?  Have additional unexpected co-benefits been observed?

e.g. ammonia emissions, nitrate pollution, odour, better agronomic efficiency, saving costs of mineral fertilizers, better agronomic flexibility etc. 

Primarily reduced N-leaching, secondary reduced ammonia emission. Less smell has been observed. 

Danish farmers have maximum N application rates to all crops which vary after the geographical location and the soil type. This maximum application rate is estimated every year, based on the numerous number of research trials, to be 10% below the economical maximum. In February are several soil samples taken and analysed for Nmin in soil. Nmin depends primarily on the weather conditions. Eg. Warm winter gives a high mineralisation rate of OM in soil during winter combined with low precipitation rates gives a high Nmin in spring and the opposite. The maximum application rates are then adjusted to the availability of Nmin in the soil and in the end a lower Nmin in soil after harvest in order to reduce leaching. 

When Danish farmers are applying animal manure a certain amount of the Nitrogen has to be included in the N budget. 
Eg. You have a wheat field. 
Maximum application rate is 170 kg N/ha for that year (a very high value in DK) and you apply the maximum of pig slurry which is 1.4 LU or 140 kg N/ha. Because not all 140 kg N is readily available for the wheat plant, there is a utilization rate which differ depending on manure type. For pig slurry is the utilisation rate 75% In the N accounting you are then allowed to top up with mineral fertiliser:  170 kg – (140 * 0.75)= 65 kg N/ha. 
A spring barley field:

If you are growing a spring barley on a poor sandy soil with a nitrogen norm of 110 kg N/ha you may be in the situation that applying 1.7 LU of cattle slurry = 170 kg N with an utilization rate of 65% = 110 kg N. This is the full dressing and you are not allowed to top up with mineral fertiliser. 

This is controlled very tight. N-suppliers are forced to give information to the Danish Plant Directorate on the actual amount sold to every farmer.
As the maximum N application rate are small (compared to other countries and plant need) the farmers has an incentive to avoid NH3 losses by using the best methodology. However, such equipment is very costly. 

Less N2O emission, maybe, we are uncertain if injection favours the formation of N2O compared to hose trailing.

Question 7. What are the challenges that Denmark has faced in implementing such mandatory requirements?  Specifically, were difficulties encountered in specifying any exemptions from the requirements?

Injection needs large tractors and equipment. The size of the tanks is 20-25 tonnes and 200-250 HP tractors which may give quite large damages in the field. Because the damages are so high, it is still allowed to use hose trailing in growing cash crops. When equipment with low damage is developed it will only be a matter of time before applying with trailing hoses will be banned too. 

The ban on broadspreading/splash plates had the consequence that small holders who only could afford this simple technique were forced to buy this assistance from professional companies and thereby sending money out of the farm. This puts an economic higher pressure on the small farms and escalates the structural development towards bigger farms. 

Question 8. Were there some difficulties that were not foreseen that the TFRN should particularly consider in developing the description of manure spreading options? 

Question 9.  Are there other points that need to be considered when designing options for mandatory requirements to use low emission manure spreading methods?

Supplementary Question in the light of the answer given to Question 6. 

Question 6 b. Can this nitrous oxides increase be [partly?] off-set by the accompanying reduction in secondary N2O emissions associated with reduced ammonia emission and deposition?
We agree with the Dutch arguments. Especially that it is difficult to compare and estimate the damages. The 20€ per ton in the Dutch calculation is the market price for CO2.
