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Abstract  

Following field application of animal slurry the exposure of slurry to atmospheric air is of 
great importance for the subsequent ammonia emission. The exposure is primary deter-
mined by the amount of slurry on the soil surface and secondly by the rate of infiltration of 
slurry into soil. To develop injection tool with low draught force requirements and high am-
monia emission abatement efficiency, slurry exposure need to be measured. However, to 
measure these parameters is difficult. Imaging, manual tracers and manual visual observa-
tions have been suggested to determine the amount of slurry on the soil surface and the lo-
cation of manure in the loosened soil volume after slurry injection. The methods are charac-
terized as being imprecise and labour intensive especially if information on how the infiltra-
tion evolves over time is desired.  
Infrared (IR) camera technology has been available for a number of years and it has been 
proved possible to detect even small differences in object's surface temperature using IR. In 
this study, we explored the possibility of using IR camera technology during and subsequent 
to slurry injection into soil, to indicate volume of slurry on the soil surface and the slurry infil-
tration rate into the soil. 
Slurry from the experimental biogas plant at Research Centre Foulum, Denmark, with a tem-
perature of 42-48 °C were injected into soil with a temperature of 5 °C using three different 
injection technologies: A) a disc coulter B) straight tine (reference) and 3) a “goose foot” 
shear. All three technologies were installed on an experimental slurry spreader and slurry 
was injected by one tool for each treatment in three depths at three travel speeds. An IR 
camera (A320 by FLIR), were also mounted on the spreader. The camera recorded uncom-
pressed thermal images with a spatial resolution of 320 x 240 pixels, and a thermal sensitivi-
ty of 70 mK. The camera, mounted on the spreader, was limited by its field of view and could 
therefore only detect temperature differences in the slurry stripes few seconds after slurry 
injection. Therefore an unmanned aerial vehicle (UAV) from Sky-Watch, Denmark, was 
equipped with a thermal camera (Quark by FLIR) and used to record the effects in the exper-
iment over time. The UAV mounted thermal camera recorded compressed thermal images 
with a spatial resolution of 640 x 480 pixels. For each of the three treatments 26 frames 
where selected evenly and statistical analysis was then performed across all the travel 
speeds, injection depths and replicates for quantifying performance differences.  
The UAV IR measurements showed clear that average soil temperature was affected by slur-
ry injection. It also showed that slurry injection with discs had to be done with a workings 
speed on 10 km/h otherwise slurry was left on the soil surface or very near the surface. On 
this basis, the preliminary conclusion for these measurements is that IR measurements can 
be used as indicator for slurry exposure to atmospheric air following slurry injection into soil.  
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1 Introduction 

Application of liquid manure slurry on fields affects the environment in several ways. Lost 
ammonia from slurry to atmospheric air will later re-deposited on land and among others at 
areas where the natural vegetation are being outperformed by especially grasses, due to the 
"unnatural" fertilizing from the ammonium (Aneja et al. 2001;Holland et al. 2005;Portejoie et 
al. 2002). In addition, manure smells unpleasant, which is a nuisance to neighbors to fields 
receiving slurry. In a relatively small country like Denmark with a large animal production and 
where many people live scattered in the countryside, it means that many are bothered by 
odors from manure slurry spreading (Hansen et al. 2006).   

1.1 Soil injection 

For the above mentioned reasons soil injection of slurry is a common used land spreading 
technology in Denmark and other Northern European countries. Injecting the slurry directly 
into soil during application, reducing both ammonia and odor emissions following slurry ap-
plication (Feilberg et al. 2010;Feilberg et al. 2011;Nyord et al. 2010).   
Soil injection of slurry can be done as open slot injection and closed slot injection. The differ-
ence is that the open slot injection leaves the slurry in an open furrow/slot that allows contact 
between slurry surface and atmospheric air. Closed slot injection contrary will ideally place 
the slurry in a furrow and cover the slurry with soil resulting in no contact between slurry and 
atmospheric air. The disadvantage of closed slot injection is that this kind of soil injection can 
not be done in growing crops without harming the crop too much (Nyord et al. 2012). Howev-
er, the technology can be used on fields before crop establishment and therefor this technol-
ogy is used in a large scale in a country like Denmark. However, there are also problems 
associated with the use of closed slot injection on bare fields. The costs are about 30-40% 
more compared to alternative methods such as trail hose application. This is linked to a 
smaller working capacity due to a relatively small working width, typically 6-9 m. Therefore, it 
is desired to develop closed slot injection tools where the slurry is placed in the upper soil 
matrix. A shallow operation depth will reduce the required draught force and the load on the 
boom structure, allowing tools with larger working width to be developed. 
To develop injection tool with low draught force requirements and high ammonia emission 
abatement efficiency, slurry exposure need to be measured in an easy and consistent way. 
However, to measure these parameters is difficult. Imaging technologies, manual tracers and 
manual visual observations have been suggested to determine the amount of slurry on the 
soil surface and the location of manure in the loosened soil volume after slurry injection. The 
methods are characterized as being imprecise and labour intensive. 
To speed up the development it would advantageous to know the relationship between tool 
design, driving speed and the exposure of slurry to atmospheric air better. Therefore, in this 
investigation a heat-sensitive infrared camera was used to identify the proportion of the slur-
ry, which after application can be traced to be in contact with atmospheric air. 

1.2 Infrared camera  

Infrared imaging can be divided into active and passive sensors, where the active sensors 
require infrared illumination to work. This technology is used in most night vision devices. 
Thermal cameras are passive sensors, which operates in the mid- (MWIR) and long-
wavelength (LWIR) infrared spectrum. In the MWIR and LWIR infrared spectrum (3–14 µm), 
radiation is emitted by the objects themselves, with a dominating wavelength and intensity 
depending on the temperature (Gade and Moeslund, 2013).  
 
Thermal imaging is commercially available, and the technology has developed quickly over 
the last decades. This has resulted in both better and cheaper cameras, and the technology 
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is now being introduced to a wide range of different applications, such as building inspection, 
medical science, agriculture, fire detection, and surveillance (Gade and Moeslund, 2013). 
 
All objects with a temperature above absolute zero (-273.15 ᵒC) emit infrared radiation. This 
is often referred to as thermal radiation. The thermal radiation from an object is a function of 
both temperature and wavelength. 

2 Materials and methods 

In the autumn 2013 a field trial were conducted in a stubble field at AU Foulum (56ᵒ494554N, 
9ᵒ572190E) on a sandy soil. Slurry used in the experiment was a mixture of anaerobic di-
gested cattle, pig and mink slurry with a dry matter content of 6-7%, taken from the biogas 
plant at AU Foulum (Burrehøjvej 44, DK-8830 Tjele, Denmark). The slurry was pumped di-
rectly from the reactor to the slurry tanker and thereby had a temperature of approximately of 
52 ᵒC. At land spreading, the temperature was decreased to approximately 48 ᵒC. Slurry was 
applied with a rate of 1.5 L of slurry per m injection furrow equal to and application rate of 45 
tons slurry/ha with a distance of 333 mm between each injection tool.  
Closed slot injection was performed with three different methods mounted on the same ex-
perimental slurry applicator: 1) Reference method 2) Disc method and 3) wing tine method. 
The reference method 1) was an ordinary 60 mm vide and 800 mm high spring tine, with an 
attached hose/pipe to place the slurry in the furrow created by the tine. Following slurry ap-
plication, soil will to some extend cover the slurry when the furrow is closed by soil falls back 
into the furrow. The disc section 2) was concave discs having an outer diameter of 400 mm. 
The discs were angled 5 degrees relative to the direction of travel, so that the "open" side of 
the discs searched into the soil by itself. The wing tine 3) was a tine made as a tube mounted 
with a pair of wings to open the soil. The slurry flows in the tube and slurry is placed in the 
furrow under the wings ensuring good coverage of the slurry after application to soil. Behind 
each of the slurry soil injection tools, a roll ensuring that soil in the earth will be compressed, 
so traffic in the field after slurry application is possible even in wet conditions.  
 
Table 1 Approximate operations depth of slurry injection tools below soil surface.  

Treatment \ Operation depth Deep (mm) Medium (mm) Shallow (mm) 
Reference 150 110 80 

Disc 80 55 30 
Wing tine 100 70 40 
 
 
An IR camera (A320 by FLIR), were mounted on the spreader (Figure 1). The camera rec-
orded uncompressed thermal images with a spatial resolution of 320 x 240 pixels, and a 
thermal sensitivity of 70 mK. Due to its limited field of view, the camera only recorded the 
slurry stripes few seconds after slurry injection. 
 
The camera recorded temperatures from -20 ᵒC to 120 ᵒC with a theoretical thermal sensitivi-
ty of 70 mK.  
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Figure 1: Placement of thermal camera on the spreader 

 
In figure 2 an example of a thermal image, recorded by the thermal camera, is shown. The 
pseudo colored regions shown in the figure, are the regions used for evaluation of the differ-
ent slurry applicators. Based on knowledge of the distance between the slurry applicators, 
rectangular regions have been transformed to fit the perspective transform of the image 
plane. Thus, three rectangular regions of the same area was selected for each of the applica-
tors. 
 
For each frame in the recordings, the mean temperature in these three regions, is calculated. 
This results in a continuous recording of the surface temperature for each slurry applicator. 
 
 

 

Figure 2: Illustration of thermal regions (pseudo colored regions) used for evaluation of each applica-
tor. 

3 Results and discussion 

The soil temperature was determined to be approximately 4.5 ᵒC. As shown in Figure 2, soil 
temperature was unaffected by slurry injection into soil by the reference system. This is indi-
cates that the reference system has been able to bring the entire volume of slurry below the 
soil surface unaffected by working depth and forward speed. This agrees well with visual 
observations done immediately after slurry spreading. The reason is most probably, that the 
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reference system operated at approximately 80 mm below soil surface, even at the “shallow” 
working depth. The operation depth of the three injection tools was not the same, as the 
discs and the wing tine will operate shallow compared to the reference system, due to a dif-
ferent soil tillage pattern.  
The wing tine system leaves apparently some slurry on the soil surface at a forward speed of 
2 km/h. Probably due to the low forward speed soil does not cover the slurry in the furrow, 
possibly because soil is not "floating over" the wing blade, but placed in relatively large 
clumps on the side of the furrow. This is supported by the fact that at a forward speed of 10 
km/h does not affect the soil temperature significant independently of working depth. Mean-
ing that even at shallow operation depth (only 40 mm below soil surface in this case) slurry is 
totally covered by soil.  
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Figure 2: Average soil temperature measured with IR camera following soil injection of animal slurry 
with three different techniques. Bars without pattern equal to forward speed of 2 km/h. /// pattern indi-
cate forward speed of 6 km/t and \\\ pattern indicate forward speed at 10 km/h. 

 
It seems that injecting the slurry by discs coulter is a different matter. Here soil temperature 
is affected significantly by incorporating depth (P<0.0001). However, significant difference 
between the average soil temperature at all three depths (80, 55 and 30 mm below the sur-
face) does only appears at 2 km/h forward speed. This difference disappears at high forward 
speed, although a trend toward higher soil temperature and thus more of the warm slurry on 
the soil surface at shallow working depth appears. It may suggest that disc coulter is a more 
vulnerable injection tool to working depth than other injection systems. But as the wing tine, 
the soil covering of the slurry seems to be just as good as the reference system if the operat-
ing speed is 10 km/h. This can be an important message to producers slurry soil injection 
tools, in the future work of improving slurry injection tools.   
This result is supported by Figure 3, wherein the ratio of a given area with an average tem-
perature over 10 degrees oC is shown. It is clear, that the disc coulter injection results in the 
largest ratio, followed by wing tine and reference.  
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Figure 3: Ratio of soil in a defined area with a soil temperature above 10 
o
C. Measurements done 

when injection tools operated shallow.  

 
If these IR measurements were repeated over time, information about infiltration speed of 
slurry into soil will available. We actually tried this, by measuring 30 min following slurry ap-
plication with a drone equipped with an IR camera, but due to bad weather, this was aban-
doned. However, this will be an obvious development of this method in the future. 
 

4 Conclusions 

It seems that injection of slurry with disc coulters at a sufficiently forward speed can ensure 
the incorporation of slurry into soil.  Soil injection of slurry with a wing tine should be done by 
a minimum of 6 km/h. At a forward speed of 10 km/h slurry can be injected into soil with all 
three methods no matter that the wing tine and the disc coulter operates significantly shal-
lower than the standard spring tine did. 
Assuming that there is a correlation between ammonia emission and the proportion of slurry 
in contact with atmospheric air on the soil surface, then the method of measuring the surface 
temperature with an IR camera might well be used in future work to develop slurry injection 
tools.  
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