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Abstract 

Ammonia (NH3) emission from animal slurry applied to fields is a major source of 

atmospheric NH3 and is a loss of fertilizer to the crop. Direct injection of animal slurry 

into fallow soil has been developed but there is a need for technology to be used in spring 

in fields with winter crops. Therefore, technologies for injecting slurry in winter wheat 

was developed and tested in 2006 injecting pig slurry between rows of winter wheat 

(Triticum aestivum). To optimise the work rates and reduce the crop damage the injector 

was guided relative to the crop lines using a manual controlled row guidance system. The 

test proved that slurry could be injected between winter wheat rows using precision 

technologies as there was no significant difference in yield response between plots where 

slurry was applied with trailing hoses or by injection between crop rows. 

 

Keywords: slurry, injection, row guidance, ammonia.  

 

 

Introduction 

 

Increased attention is today paid to the environmental impact of livestock production. 

Livestock manure is an excellent source of plant nutrients; however, several 

environmental effects are related to the handling of livestock manure, including 

emissions of odour and NH3.  

Livestock manure is an important source of odour, which is a nuisance to neighbours. 

Due to the emission of odour and the effect of neighbour’s wellbeing, livestock 

production is regulated. Consequently the odour emission is affecting existing livestock 

operations and may constrain the further development of livestock production.  

Livestock manure is also an important source of NH3. In Western Europe more than 80% 

of the national NH3 emission comes from livestock husbandry (Buijsman & Erisman 

1988; Hutchings et al, 2001). Land application of livestock manure is an important source 

of national NH3 emission and in Denmark, 25% of the national NH3 emission is derived 

from the land application of livestock manure (Hutchings et al, 2001). 

The volatilisation of NH3 reduces the nitrogen content of the manure and has 

considerably detrimental environmental effects, as deposition of NH3 contributes to both 

the eutrophication of surface waters and oligothrophic terrestrial ecosystems, and because 

it contributes to the acidification of soil (Houdijk & Roelofs 1991; Portejoie et al, 2002). 

Most European countries have therefore agreed to reduce the national emission of NH3 

and have ratified the Gothenburg Protocol, which sets a limit to the nation’s emission of 

NH3.  



Today approximately 65 % of the animal slurry in Denmark is applied by trailing-hose 

(Andersen, 2004), which reduces NH3 emission compared to broad spreading (Smith et 

al, 2000).  About 35 % of the slurry is applied by slurry injection techniques, which is the 

most efficient odour and NH3 mitigation technology (Huijsmans et al, 2003). 

Increased use of slurry injection technique will further decrease the annually emission of 

NH3. However, to increase fertilizer value and to reduce nitrate leaching 44% of the 

slurry produced in Denmark is land applied to growing crops during spring and summer. 

Application to growing crops results in increased plant utilisation of manure nutrients and 

decreased nitrate leaching (Goulding et al, 2000) however, the potential for NH3 emission 

is increased by the higher average temperatures in the growing season (Søgaard et al, 

2002; Thompson & Meisinger 2004). Injection of slurry in winter crops using precise 

technology for injection of slurry is therefore needed to reduce the emission of odour and 

NH3.  

Technology is available for injection of slurry into un-cropped soil and grass land. 

However, slurry injection into winter crops reduces crop yield due to damage of plants by 

the injection devises (Mikkelsen et al, 2004). If precise injection technology is developed, 

the risk of crop damage is reduced significantly. By using row guidance steering systems 

it should be possible to implement this application technique. These row guidance 

steering systems is commercial available and the precision of these Local Positioning 

System (LPS) is so high that the space between crop rows can be relative small.   

The objectives of this project was to develop and test novel technology for slurry 

injection between crop rows as an alternative to trailing hose application to winter wheat. 

The effect of the technology was examined by measuring crop yield, odour emission and 

NH3 loss from slurry injected and compared to slurry band spread. 

This paper only includes results from the yield response experiment from 2006. In spring 

2007, NH3 emission and odour emission measurements will be carried out. The results 

from these experiments will be included in the poster.  

 

Materials and Methods 

Yield response experiment 

The Danish Agricultural Advisory Service conducted the trials. A replicated block design 

with split plots was used for this experiment. Five different test sites were placed at 

commercial farmed land, all planted with winter wheat. The soil texture varied from 

sandy soil to sandy loam soil (Table 1). Eight different treatments were tested and each 

test was replicated four times giving a total of 160 plots. Plot size was 30 m
2
.  

At each test site the treatments included fertilising with mineral fertilisers, trailing hose 

application of pig slurry and injection of pig slurry by using a 20 mm slurry injector tine 

Agrodan Tine (AGRODAN A/S, DK - 8220 Brabrand). Slurry was injected into soil in 

winter wheat sown with both standard and displaced crop line distance. Standard sown 

crop means 120 mm distance between crop rows. Where crop line distance was 

displaced, three crop rows were sown in a band with a mutual distance of 80 mm 

between lines. Between each band of three rows the distance was 200 mm. This allowed 

injection of slurry between every third crop rows in a 200 mm wide band. The application 

rate was 100 kg NH4-N per hectare equivalent to about 30 tons of slurry per hectare.  

Five reference treatments were included. In all these five treatments were used mineral 

fertiliser and the application rate was 0, 100, 150 and 200 kg N per hectare, see Table 2. 



Application of 150 kg N per hectare was conducted twice, on normal sown crop and on 

crop with 200 mm row distance. 

Table 1 Soil texture for the 5 test sites. Soil properties are measured in 0-250 mm depth. 

Site % Clay % Silt % Fine sand % Coarse 

sand 

% Organic 

matter 

pH  Gravimetric water 

content, % 

1 7 13 29 49 2 6.1 12.3 

2 13 18 35 33 2 6.0 16.7 

3 12 15 45 26 2 5.8 16.7 

4 13 14 46 25 2 5.7 16.2 

5 13 14 42 29 2 5.0 15 

 

A novel slurry tanker was used for slurry application. The boom on the tanker could be 

equipped with either trailing hoses or injector tines. To simulate LPS guidance systems, 

an assistant was walking behind the slurry tanker during application and controlled the 

injector tines via a joystick. The joystick was linked to an electronic valve box, which 

controlled a hydraulic ram, which moved the boom sideways. The boom could transpose 

200 mm to each side and thereby ensured that the injector tines was injecting between the 

crop rows. The velocity was 7 km/h.  

The fertiliser value of the slurry is given as a mineral fertiliser equivalent (MFE). This 

MFE value is calculated on the basis of N uptake in the harvested grains. Calculating 

MFE is an estimation of the optimal N uptake from an N response curve made on the 

basis of the results from treatment 1 to 4 in Table 2. MFE prescribes on the basis of N 

uptake in grains, which express the amount of N in mineral fertiliser 100 kg of total N in 

slurry can replace. This means a MFE of 50 signify that 100 kg of total N in slurry can be 

replaced by 50 kg N in of mineral fertiliser. 

The NH3 and odour emissions will be carried out in field experiments at Research Centre 

Bygholm, Horsens, Denmark, during spring 2007. NH3 loss will be determined by using 

wind tunnels as described in (Misselbrook et al, 2005). Odour concentration in air above 

applied slurry will be measured by covering the soil surface with a chamber for 20 

minutes, after which air samples will be taken in the headspace above the soil surface. 

The odour concentration in the air samples will be determined by dynamic dilution 

olfactometry like described in Hansen & Nyord (2005).  

 

Results and discussion 

 

There was no significant difference in yield response from the standard crop (Treatment 

3) and displaced crop (Treatment 5) supplied mineral fertilizer. There was an indication 

of higher yield response in plots with standard crop (Table 2). This could indicate a 

difference in yield response due to the sowing method, probably because the distance 

between crop rows was too big to optimal plant growth or more likely that a distance of 

360 mm between injection tines is too much to an even distribution of nutrients in the 

soil.  

As seen in Table 2, there is no significant difference between the treatments 6, 7 and 8 

where slurry was applied to the plot. There was a tendency for higher yield response of 

trailing hose application. The slight difference could be because of the difference in the 

sowing method. The explanation could be that the crop rows sown in the middle of each 

crop row band was starved in nutrients because the two rows in the sides of a crop row 



band was placed nearest to the injection slit and thereby the nearest to the nutrients. This 

was also indicated by optic measurements of the chlorophyll concentration in the leaves 

in June. The chlorophyll concentration in rows in the middle was significantly lower then 

in the rows at the sides (data not shown). A similar effect was found of Petersen (2006) 

where increasing distance between seed row and slurry injection slit reduced dry matter 

production of spring barley. Comparison of treatment 7 and 8 show a tendency for higher 

yield response of injection in displaced sown crop, probably due to crop damage made of 

the injection tines in standard sown crop as described by (Mikkelsen et al, 2004). This 

could be an argument for using precise slurry injection. 

Table 2 Response of winter wheat yield from different applications of mineral fertiliser and slurry in 

different applications technique. 

Treatment Applied kg NH4-

N per hectare 

Application 

method 

Sowing 

method 

% crude 

protein 

in dry matter 

Yield, kg N 

in grains per 

ha 

Yield, 

tonnes 

grains per ha 

1 0 mineral broad standard 10.2 66 4.32 

2 100 mineral broad standard 9.8 110 7.54 

3 150 mineral broad standard 11.2 131 7.88 

4 200 mineral broad standard 12.1 144 7.95 

5 150 mineral broad displaced 11.3 127 7.57 

6 
30 mineral + 

100 slurry 

trailing 

hose, 300 

mm 

standard 10.5 115 7.38 

7 30 mineral + 

100 slurry 

injected, 

360 mm 
displaced 11.0 119 7.27 

8 30 mineral + 

100 slurry 

injected, 

360 mm 
standard 10.7 112 7.08 

LSD      0.47 

 

There are no significant difference in yield from treatment 6 and 7. Treatment 6 seems to 

give a slightly higher yield response in dry matter production (tonnes grains/ha), even 

though trailing hose under normal circumstances would result in higher NH3 

volatilisation. By contrast, yield in kg N in grains is slightly higher in treatment 7 

compared to 6, which could indicate higher amount of N available for the crop, due to 

lower NH3 volatilisation. This means, that even though there is a slightly divergence in 

yield because of sowing method, the slurry injection compensate this effect, probably due 

to reduced NH3 volatilisation like.  

The fertiliser value of the slurry is given in Figure 1 as a mineral fertiliser equivalent 

(MFE). There is no significant difference between the MFE values of the four treatments 

given in Figure 1. However, it seems that the highest value of slurry appears when slurry 

is injected between crop rows (treatment 7). This small differences in MFE is probably 

due to the relatively low NH3 volatilisation from trailing hose application Søgaard et al, 

(2002) and thereby the relative small difference in crop fertilising effect between the 

applications methods. To investigate eventually differences in NH3 and odour emission, 

an experiment will be carried out in spring 2007.   
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Figure 1 Fertiliser value of slurry applied in different ways give as mineral fertilizer equivalent (MFE). 

Treatment 6 is slurry applied with trailing hoses and treatment 7 and 8, slurry is injected, se Table 2. 

Dashed line indicates N value equivalent to mineral fertiliser. Error bars indicate standard error on the 

means. 

 

Conclusion 

 

There is a tendency to difference in yield response because of the sowing method. There 

is no divergence between slurry application with trailing hoses and injection in yield 

response, when slurry is injected between crop rows. A slightly difference in yield 

because of sowing method is compensated by the effect of slurry injection. This is 

supported by the better MFE value found for slurry injected between crop rows. Slurry 

injection between crop rows is an alternative to trailing hose application to winter wheat.   
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