
 1 

Nitrogen losses to air and water following cattle slurry applications to a 
drained clay arable soil 

 
1Sagoo, Lizzie, 1Williams, John R., 1Thorman, Rachel E., 2Chambers, Brian J., 
2Hodgkinson, Robin A., 3Misselbrook, Thomas H. and 4Chadwick, David R. 
(1) ADAS Boxworth, Battlegate Road, Boxworth Cambridge CB23 4NN, UK 
(2) ADAS Gleadthorpe, Meden Vale, Mansfield, Notts. NG20 9PD, UK 
(3) Rothamsted Research North Wyke, Okehampton, Devon, EX20 2SB, UK 
(4) School of Environment, Natural Resources and Geography (SENRGY), Environment Centre Wales, 
Deiniol Road, Bangor University, Bangor LL57 2UW, UK 
 
*Corresponding author: lizzie.sagoo@adas.co.uk   
 
Abstract 
Nitrogen (N) losses to air (ammonia and nitrous oxide) and water (nitrate leaching) were measured 
following contrasting cattle slurry application timings in harvest years 2010 (winter wheat) and 2011 
(winter oilseed rape) to a drained clay soil. For all application timings, the largest losses were via 
ammonia volatilisation (range 6-17% of total N applied), with nitrate leaching losses following 
autumn applications equivalent to 2-4% of total N applied. Direct nitrous oxide-N emissions (range 
<0.01-0.92% of total N applied) were all below the Intergovernmental Panel on Climate Change 
default value of 1% of total N applied, with the highest losses measured when applications were made 
to ‘warm-wet’ soils. Notably, indirect nitrous oxide-N emissions were equivalent to 16-100% of total 
nitrous oxide-N emissions. N loss mitigation strategies that focus on reducing ammonia emissions are 
likely to have the biggest impact on reducing total N losses following cattle slurry applications.  
 
Introduction  
Slurry application timing has a significant impact on the balance of nitrogen (N) losses to air (i.e. 
nitrous oxide and ammonia) and water (nitrate leaching), because of differences in soil conditions (i.e. 
moisture, temperature, soil structure) at the time of, and drainage volumes, following application. The 
Nitrates Action Programme (which applies to c.60% of England, 14% of Scotland and 3% of Wales) 
restricts the application of livestock slurries in the autumn/early winter period to reduce the risk of 
nitrate leaching losses [1]. On medium and heavy soils (which cover an estimated 70% of agricultural 
land in Britain) autumn application timings are often the most practical for farmers because soils are 
usually dry enough to carry the weight of heavy application machinery, without causing soil 
compaction. In order to develop slurry management practices that minimise N losses to the wider 
environment it is important to understand the effects of contrasting application timings on different N 
loss pathways. This paper reports results from an experiment, over two harvest years, which quantified 
the effects of contrasting cattle slurry application timings to a drained arable clay soil on ammonia and 
nitrous oxide emissions to air, and nitrate leaching losses to water. 
 
Methodology 
An experiment was carried out at ADAS Boxworth (Cambridgeshire, average annual rainfall 550mm) 
on a clay textured soil of the Hanslope Association (35% clay) in harvest years 2010 (winter wheat) 
and 2011 (winter oilseed rape).  
 
There were 3 replicates of each application timing, arranged in a randomised block design (Table 1). 
The plots were large enough (12 m x 48 m) for field operations to be carried out using conventional 
farm equipment with slurry applications made using a tanker fitted with a 12 m trailing hose boom. 
Each plot was drained with lateral drains at 24 m spacing and 90 cm depth, with gravel backfill to 
within 30 cm of the surface and secondary mole drains installed at right angles to the lateral drains at 
50 cm depth and 2 m spacing. Ammonia emissions were measured for 7 days after application, using 
the micro-meteorological mass balance technique [2]. Drainage volumes were measured continuously 
from each plot and drainage water samples (collected on a flow-proportional basis) were analysed for 
nitrate-N. Indirect nitrous oxide-N emissions were estimated by applying Intergovernmental Panel on 
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Climate Change (IPCC)) [3] default emission factors to the measured ammonia-N (1%) and nitrate-N 
(0.75%) losses. Direct nitrous oxide-N emissions were measured from each treatment and an untreated 
control for 12 months, using the static chamber technique [4] (5 chambers per plot).  
 
Table 1. Cattle slurry application timings, dry matter, total N and ammonium-N applied 

Harvest year/ 
Application timing 

Application 
rate 

(m3/ha) 

Dry 
matter 

(%) 

Total N 
(kg/ha) 

Ammonium-N 
(kg/ha) 

2010 (Winter wheat)     
August 2009 (stubble) 51 3.5 89 47 

March 2010 48 3.3 95 52 
May 2010 58 3.3 126 71 

     
2011 (Oilseed rape)     

August 2010 (stubble) 58 2.2 92 55 
September 2010  
(post-emergence) 

54 2.5 88 41 

February 2011 58 1.8 66 37 
 
Results 
 
Ammonia emissions 
In harvest year 2010, ammonia emissions were not different (P>0.05) following the August (11% of 
total N applied), March (14% of total N applied) or May (10% of total N applied) application timings. 
 
In harvest year 2011, ammonia emissions following the September application timing at 6% of total N 
applied were lower (P<0.05) than following the August (17% of total N applied) and February 
application timings (15% of total N applied). The lower ammonia emissions following the September 
timing reflected ‘rapid’ infiltration of slurry into the recently cultivated soil. In contrast, ‘wet’ soil 
conditions in August and February (when the soil surface was sealed as a result of ‘slumping’ over-
winter) restricted slurry infiltration into the soil. 
 
Nitrate leaching losses 
In harvest year 2010, total over-winter drainage was 111 mm. Drainage began in late November 2009 
and continued until late March 2010, with less than 1 mm of drainage after the March application 
timing and no drainage after the May application timing. In harvest year 2011, total over-winter 
drainage was 64 mm. Heavy rainfall in August and September 2010 resulted in soils returning close to 
field capacity by the end of September, although dry weather during October and November restricted 
drainflow to less than 5 mm until late December. Drainage continued until late March 2011, with 15 
mm of drainage occurring after the February application timing.  
 
In harvest year 2010, nitrate-N leaching losses following the August timing were equivalent to 4% of 
total N applied. There was no nitrate leaching following the March and May applications, because 
there was insufficient rainfall following application to generate significant drainflow. In harvest year 
2011, nitrate-N leaching losses following the August application to stubble were equivalent to 3% of 
total N applied and were not different (P>0.05) to those following the September application to the 
growing crop (2% of total N applied). The February timing did not increase on nitrate leaching losses 
above background reflecting the low drainage volumes after application and uptake of slurry N by the 
oilseed rape crop. 
 
Nitrous oxide emissions 
Direct nitrous oxide-N emissions following each cattle slurry application timing in both harvest years 
were below the IPCC [3] default value of 1% of total N applied (Figure 1). Nitrous oxide-N emissions 
were highest (0.92% of total N applied) following the August 2010 application, as a result of 86 mm 
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of rainfall in the 7 days after application which is likely to have encouraged nitrous oxide production 
as a result of ‘wet’ soil conditions and enhanced soil microbial activity.  
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Figure 1. Direct nitrous oxide-N emissions following contrasting cattle slurry application timings to winter 

wheat (2009/10) and winter oilseed rape (2010/11). 
 
Lower nitrous oxide-N emissions following the other 5 application timings (range <0.01–0.45% of 
total N applied) were largely a reflection of ‘dry’ and/or ‘cold’ soil conditions at the time of and in the 
weeks following application, which would have restricted soil microbial activity. 
 
In harvest season 2010, measured ammonia-N and nitrate-N losses resulted in estimated indirect 
nitrous oxide-N emissions that were similar following the three application timings (range 0.10-0.14% 
of total N applied), Table 2. In harvest year 2011, indirect nitrous oxide-N emissions following the 
September application timing were estimated at 0.08% of total N applied, compared with 0.15% and 
0.19% of total N applied following the February and the August timings, respectively. The smaller 
indirect emissions following the September application timing were a reflection of lower ammonia 
emissions (as a result of rapid infiltration of the slurry into the recently cultivated soil) compared with 
the August and February application timings. 
 
Balance of N losses  
The largest N losses were via ammonia volatilisation (accounting for 71-77% of total losses following 
the August/September and 96-98% of losses following the February/May timings), Table 2. In each 
harvest year, total N losses were greatest following the August 2010 application timings to stubble, 
reflecting N losses via both ammonia volatilisation and nitrate leaching. The lowest total N losses 
occurred following the September 2010 (post-emergence) application to oilseed rape and reflected 
lower ammonia emissions as a result of rapid infiltration of slurry into the recently cultivated soil.  
 
Direct nitrous oxide-N emissions were highest when applications were made to ‘warm-wet’ soils. 
Notably, in harvest year 2010 (when direct nitrous oxide emissions were limited by ‘dry’ and/or ‘cold’ 
soil conditions following application) indirect nitrous oxide-N emissions accounted for effectively all 
of the nitrous oxide emissions following the August application, 44% following the March and 38% 
following the May timing. In harvest season 2011, indirect nitrous oxide-N emissions accounted for 
17% of total nitrous oxide emissions following the August application, 16% following the September 
and 25% following the February timing. 
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Table 2. Balance of N losses from contrasting cattle slurry application timings 
 Slurry N loss 

(% total N applied) 
Application timing Nitrate-N 

leached  
Ammonia-N 
emissions 

Nitrous oxide-N emissions 

   Direct Indirect Total 
August 2009 4 11 <0.01 0.14 0.14 
March 2010 Nil 14 0.18 0.14 0.32 
May 2010 Nil 10 0.16 0.10 0.26 

      
August 2010 3 17 0.92 0.19 1.11 

September 2010 2 6 0.42 0.08 0.50 
February 2011 Nil 15 0.45 0.15 0.60 

 
Conclusions 
The largest N losses following cattle slurry application to the drained arable clay soil were via 
ammonia volatilisation (range 6-17% of total N applied). Nitrate-N leaching losses were in the range 
2-4% of total N applied and total nitrous oxide-N emissions (via both direct and indirect emissions) in 
the range 0.14-1.11% of total N applied. Direct nitrous oxide-N emissions were in the range <0.01-
0.92% of total N applied and were below the IPCC default value [3] of 1% of total N applied. Notably, 
indirect nitrous oxide-N emissions were equivalent to 16-100% (mean 44%) of total nitrous oxide-N 
emissions. 
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