




Figure 1. Odour concentration in odour units (OUE) per m3 air (a), and concentration of hydrogen 
sulphide (H2S) (b) in air sampled above surface applied slurry and slurry injected in 0.12 m depth 

by a simple injection devise and in 0.08 m depth by a simple injection devises attached wings. 
Bars illustrate standard deviation (n=3) 

 Figure 2. Mean relative concentration of odorants in air sampled above pig slurry injected by a 
simple injection devise in 0.12 m depth, by a winged injection devise in 0.08 m, and surface applied 
by trailing hoses. The concentrations of odorants in air sampled above injected slurry are shown as 

per cent of the mean concentration in air sampled above the slurry applied by trailing hoses

The concentrations of individual odorants in air sampled above the injected slurry were 
in general found to be reduced by injection (Fig. 2). The injection was found to have 
no or low effect on emission of odorants belonging to the group of carboxylic acids, (in 
particular acetic acid, propionic acid, and butanoic acid, 3-methyl), on odorants belonging 
to the group of alcohol (1-butanol and benzyl alcohol), and indole, while concentrations of 
odorants belonging to groups of amines, phenols and organic sulphides were in general 
reduced by more than 50% by injection.
Draught force
Both of the injection systems were found to result in a low additional draught requirement, 
which allows a high working width of the slurry applicator and thereby a low detrimental 
effect on crop yield. As shown in Figure 3 the horizontal force is almost equal for the two 
tines regardless of soil type. Both of the injection systems were found to result in a low 
draught requirement compared to other types of slurry injectors operating in cereal crops, 
reported (Pullen et al. 2004; Rodhe, Rydberg, & Gebresenbet 2004). This could potentially 
allow a high working width of a slurry applicator mounted with these tines.
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Figure 3. Horizontal and vertical force measured for the simple and winged tine. The simple tine 
operates in 100 mm and the winged tine in 50 mm. Positive vertical force means an up trust 

movement of the tines.  Error bars represent standard deviation (n=3). 

The soil disturbance was almost the same for the two tines (data not shown) and therefore 
the specifi c resistance (N cm-3 loosened soil) was surprisingly equal. Ahmed & Godwin 1983 
and Godwin & Spoor 1977 suggested that the specifi c resistance should be lower for winged 
tines compared to comparable simple tines, due to the extra soil disturbance created by the 
wings which should cost relatively less draught force because of the lower rake angle of the 
wings than the rake angle on the leg and tip of the simple tine. The shallow operating depth 
in this study could explain the missing effect of adding wings on the simple tine regarding 
specifi c resistance. The wings will simply not create very much extra soil disturbance due to 
the relatively wide soil disturbance profi le in the upper soil layer.

Table 1. Yield response of winter wheat to different applications of mineral fertiliser and animal 
slurry (n = 5×4 = 20) (Knudsen 2007)

Treatment Applied kg N Application Yield, kg N Yield, tonnes Mineral fertiliser
 NH4-N ha-1 method in grains ha-1 grains ha-1 equivalent
1 0 mineral  59 4.81 -
2 100 mineral* broad 100 7.52 -
3 150 mineral* broad 124 7.91 -
4 200 mineral* broad 142 7.93 -
5 50 mineral   trailing hose 113 7.66 63
 + 100 NH4-N
6 50 mineral soil injection 121 7.61 80
  + 100 NH4-N
LSD - - - 0.80 -

* rate of fertiliser  applied split into two times, fi rst application was around 1st of April and second 
time approximately 30 days later.

The vertical force was reduced by approximately 50 % for the winged tine compared to the 
simple tine, which can be explained by the low rake angle of the attached wings (Godwin & 
O’Dogherty 2007). This could be an important parameter if these tines should be mounted 
on a wide slurry injector, where little weight can be transferred to the tines by the boom 
construction.

Effect on yield

The yield experiment showed better utilisation of the nitrogen content of injected slurry 
compared to application by trailing hoses, see Table 1. The better utilisation occurred
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probably due to lower ammonia emission when slurry was injected and thereby more 
ammonium available for the crop, which resulted in higher protein content of the grains and 
thereby higher yield in N ha-1. Yield in tonnes grains ha-1 was not affected by application 
method which can be explained by the relatively high yield response in general of the two 
treatments where animal slurry was used as fertiliser.  

Conclusion

The two injection systems evaluated were found to ensure a signifi cant reduction of odour 
emission from injected slurry compared to slurry applied by trailing hoses. Injection in 
80 mm depth with a winged injector was just as effective as injection in 120 mm with 
a simple injector. Regarding draught force no signifi cant difference between the two 
injection systems was measured. Both of the injection systems were found to result in 
a low additional draught requirement, which allows a high working width of the slurry 
applicator and thereby a low detrimental effect on crop yield. Nutrients from animal slurry 
was utilised better when slurry was injected than surface applied.
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