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Summary

As a consequence of the acute honey bee poisoning events observed in several European 
countries during maize drilling, the dust drift topic has received increasingly more attention. 
We aimed to quantify the dust drift risk, develop reduction measures and innovate sowing 
techniques using an integrated experimental and modelling approach. To validate and fine-
tune the dust drift CFD-models under development, the designs of three selected sowing 
machines and associated tractors were digitised. For the two pneumatic drills, the airflows 
around the machines and at the in- and outlet air ducts were measured. Air velocities at 
the outlets ranged from only 0.11 m s-1 for the pneumatic bulk drill up to 26.1 m s-1 for 
the pneumatic precision drill without deflector. The use of a deflector reduced the exit 
velocities to 13.4 m s-1 as well as the air velocities around the machine. Reference tracer 
seeds were developed with different qualities regarding dust production in order to measure 
the dissipation of dust around static operated drills and in field conditions.

Key words: Bulk drill, precision drill, reference tracer seeds, machine and tractor design, 
airflow, dust emission

Introduction

Because of the acute honey bee poisoning events, observed during maize drilling in several 
European countries, the dust drift problem has received more and more attention and several authors 
have already investigated the emission and drift of pesticides during sowing of dressed seeds as 
summarised by Nuyttens et al. (2013).
At the end of 2011, we started research on the dust drift phenomenon during sowing operations. 

The MASTER-project aims at quantifying the dust drift risk for the Belgian situation and at 
developing dust drift reduction measures and innovations in sowing techniques using an integrated 
experimental and modelling approach. Besides climate and soil conditions, which will be included 
during future field trials, and the characteristics of the abraded particles (Foqué et al., 2014b), the 
tractor and machine design and the airflow around them could also have an important effect on 
dust emission. This could especially be true for pneumatic seed drills.
Several types of drills are available, each with their specific working mechanisms, characteristics 

and suitability for sowing certain types of seeds. Bulk drills divide the seeds with a rather arbitrary 
distance in the row, but with a fixed distance between the rows. The seeds are transported to the 
drill coulters under the influence of gravity or an air flow. These machines are generally used for 
crops like cereals, grasses and flax which are mostly sown in autumn using mechanic bulk drills 
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(MBD) by the farmers themselves. On the other hand, the popularity of pneumatic bulk drill (PBD) 
increases mainly among contractors among others because they can also be used for drilling maize 
(Herbst & Spranger, 2013).
With precision drills, seeds (e.g. corn, sunflower, cotton, peas and beet) are planted with a fixed 

distance in and between the rows. Except for beet, the vast majority of these crops are planted with 
pneumatic precision drills (PPD).
The link between the use of PPD and acute bee poisoning incidents has been well established and 

therefore, dust drift emission was already intensively studied for this type of drills ( Nuyttens et al., 
2013). In several EU countries (including Belgium), this lead to the mandatory use of deflectors 
on PPD for certain active ingredients (a.i.). Different studies suggested that even though dust drift 
is successfully reduced by mounting deflectors on PPD, there might still be a negative impact on 
the environment(Nuyttens et al., 2013). Additionally, some farmers are known to dismount them 
after buying the drill. Mechanical precision drills (MPD) were already shown to have much lower 
dust emissions than PPD without a deflector kit (Nikolakis et al., 2009).
As bulk drills are often used to sow crops in autumn, they were considered to be less of a threat 

for bees. In addition, it is believed that bulk drills cause less problems regarding dust drift because 
no air is used (mechanical) or the air is released close to the ground (pneumatic). For this reason, 
they have rarely been considered in relation to dust drift although the emission of coating material 
could still contribute to environmental problems or be a risk for bystanders (Lee et al., 2011). Foqué 
et al. (2014b) also indicated that the dust drift risk from seeds sown with bulk drills could be just 
as big, or even bigger than sowing operations done with PPD. Also with MBD, dust drift could 
occur as a result of agitation of deposited dust by the spring tine harrow in combination with the 
wind and the drag of the machine. For PBD, there is the additional effect of the wind created by 
the fan. Finally, some first tests with PBD by Herbst & Spranger (2013; personal communication) 
showed that some dust could be emitted via the lid due to leakages in the seal. In this way, dust is 
released higher up in the air increasing the dust drift risk.
To better understand the importance of the machine factors and to further improve predictive dust 

drift models under development (Devarrewaere et al., 2014), three types of sowing machines were 
selected and fully characterized, i.e. a pneumatic bulk drill, a mechanical bulk drill and a pneumatic 
precision drill. The geometries of all types were digitised and for both pneumatic drills the airflow 
pattern around the machines and at the in- and outlet air ducts was measured. In addition, the effect 
of a deflector kit mounted on the pneumatic precision drill was evaluated. Reference tracer seeds 
were developed to measure the future examination of the dust emission of the stationary operated 
pneumatic drills in indoor conditions.

Materials and Methods

Selecting the drills and tractors
Selection of machines to be studied was based on the Belgian sales number of sowing machines 

provided by the Belgian Federation of the suppliers of machines (Fedagrim). Three type of drills 
were selected i.e. a MBD (Amazon D9 3000 Special), a PBD (Kuhn Venta nc 3000) and a PPD 
(Gaspardo ST Stella 300) which will be tested with and without a deflector kit (Fig. 1). For the 
Amazon D9 3000 Special and Gaspardo ST Stella 300, a Fendt Favorit 600 LS Turbomatic tractor 
was used. Because of the higher power requirement, a New Holland TM or a Case MX155 was 
used in combination with the Kuhn Venta nc 3000.

  Machine design
  The geometry of each machine and tractor used was measured using conventional measuring devices 
such as ruler, vernier caliper, etc. Machine geometries were then recreated in a 3D-mechanical CAD 
program (SolidWorks) and implemented in the Computational Fluid Dynamics (CFD) models to
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Fig. 1. Sowing machines considered (from left to right): a MBD (Amazon D9 3000 Special), a PBD (Kuhn 
Venta nc 3000) and a PPD (Gaspardo ST Stella 300).

account for the effect of the machine-tractor-combination (Devarrewaere et al., 2014). At first, a 
high level of detailing was used in the CAD drawings. This, however, resulted in long loading and 
meshing times required to upload the geometry in the CFD software (up to 3 h). Consequently, 
highly detailed geometries would result in even longer processing times during the simulation of 
air flows and particulate transports around the drill-tractor combinations. Therefore, we decided 
to simplify the geometry of the drills and tractors (Fig. 3) and use these simplified versions for the 
CFD-modelling.

Airflow patterns
To validate and fine-tune the simulation of the airflow patterns with the CFD-models, air velocities 

and directions were measured in a 3D grid around stationary operated pneumatic drilling machines. 
Because no crosswind is generated during the stationary experiments described in this paper, the 
MBD will only be tested in the field. The measurements were done by positioning the machine 
near a movable mast equipped with two 3D ultrasonic anemometers (model 81000, R.M. Young 
Company, Traverse City, Michigan, USA). Sampling was done at heights of 0.3, 0.5, 1.0, 1.5, 2.0 
and 3.0 m at distances of 0.5, 1.0, 2.0 and 3.0 m from the contours of the drill-tractor combination.
In addition, 1D hotwire anemometers (model 8455-300-1; TSI®, Shoreview, Minnesota, USA) 

were used to assess the velocity at the in- and outlet air ducts of the machines and the tractors. 
Sampling time was 1 minute at a frequency of 1 Hz.
  The PPD was tested at -42 mbar, as recommended by Balsari et al. (2010) and Biocca et al. 
(2011) as a potential dust drift mitigation measure, with and without deflector. This pressure is in 
the range of the suggested pressures for smaller seeds in the manual of the selected PPD (-40 to 
-50 mbar). For the PBD, the user’s manual suggests an optimal fan rotation speed between 2700 
and 3300 rev min-1 for fine grained seeds, like wheat and other cereals. From this information and 
for a similar reason as for the PPD (potential drift reduction), the first measurements with the PBD 
were done with a ventilator speed set to the lowest suggested rotation speed of 2700 rev min-1. As 
higher fan settings are generally used in practice (e.g. for the PPD an under pressure of -60 mbar 
is more frequently used than -42 mbar, especially when sowing maize), more measurements with 
other fan settings are planned for both types of pneumatic drills.

Indoor dust drift experiments
Seeds and seed coatings
Based on their cultivated areas, maize, sugar beet and wheat seeds were initially selected for all 

tests during the project. Based on previous tests (Foqué et al., 2014b) and because beet seeds are 
mainly sown with mechanical precision drills (MPD), little dust drift problems are expected with 
beet seeds which were therefore excluded from further testing.
Analysing active ingredients (a.i.) is a difficult and labour intensive process with a high cost per 

sample. In addition, some a.i. are known to break down in the environment, especially when exposed 
to daylight or when dissolved in water (Rossi et al., 2005). For these reasons and to minimize the 
exposure risk of co-workers, bystanders and the environment, we decided to use tracers instead of 
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actual a.i. Mineral chelate tracers, used by our group before in several spray application experiments, 
were selected because of their high stability, recovery efficacy and because multiple tracers can be 
applied to the same collectors (Foqué et al., 2014a).
Furthermore, we decided to create coated seeds with three different qualities regarding dust 

production (viz. good, medium and bad; Table 1). The threshold values for the different seed 
qualities were based on the mean, standard deviation (SD), min. and max. Heubach values (HV) 
obtained for a whole range of maize and wheat seed samples (Foqué et al., 2014b). The values for 
the medium seed qualities are below all official seed quality standards for seeds used in different 
countries (Nuyttens et al., 2013).
Maize and wheat seeds were coated with eight different chelates (B, Co, Cu, Fe, Mg, Mn, Mo, 

Zn). The coated seeds were produced in rotating drums by Cropsafe (Sint-Truiden, Belgium) with 
different types and amounts of polymers (or stickers) in order to get the different seed qualities.

Table 1. Threshold values for maize and wheat for the different seed qualities
with respect to dust production

 
Threshold values seed quality

HV (g/100 kg) HV (g/100 000 seeds)
Species good medium bad good medium bad
Maize/Corn 0.54 1.37 2.54 0.29 0.60 1.69
Wheat 1.46 2.90 4.96 0.08 0.15 0.27

Experimental setup
  Before each measuring campaign, the HV of the used seed batches will be checked.
  Similar to the approach of Balsari et al. (2010), a measuring grid of Petri dishes will be positioned 
around the machines to monitor dust deposition. Petri dishes were already used to monitor dust 
drift by other researchers (Nuyttens et al., 2013). Based on the results of Goossens (2005), the Petri 
dishes will be filled with water to improve their capture efficiency.
  In addition to dust deposition, the distribution of airborne dust will be measured as well. Although 
good results were found with gauze netting in the IVA-DUST-1 study (Neumann & Jene, 2010), 
gauze netting was not selected for indoor dust drift experiments because, in contrast to e.g. Biocca 
et al. (2011), no artificial sidewind was produced and hedge like structures are known to influence 
the airflow and drift profile (Davis et al., 1994; De Schampheleire et al., 2009; Otto et al., 2009; 
Raupach et al., 2000). Instead passive sampling techniques, e.g. Big Spring Number eight samplers 
(BSNE) or Modified Wilson and Cooke-samplers (MWAC), are preferred for the indoor trials 
(Goossens et al., 2000; Goossens & Offer, 2000). 
  MWAC samplers were selected over BSNE samplers although the sampling orifice of BSNE 
samplers is bigger (Mendez et al., 2011) and BSNE samplers therefore seem to be more suitable 
for studies in which chemical properties of the captured particulate matter is determined and the 
amount of matter transported is scarce (Mendez et al., 2011). The main reason for selecting MWAC 
samplers is that the BSNE collection efficiency decreases when the wind speed increases and the 
particle size decreases (Goossens et al., 2000; Mendez et al., 2011), while the MWAC has a good 
performance and efficacy in a wider range of environmental conditions and particle sizes (Goossens 
et al., 2000; Goossens & Offer, 2000; Mendez et al., 2011). Probably, this also explains why the 
BSNE samplers were considered to be less suitable to monitor dust drift than gauze netting by 
Neumann & Jene (2010). In any case, MWAC collectors will be put at fixed distances around the 
machine to measure airborne dust in the indoor setup. For the future field trials, both gauze netting 
and MWAC will be used to monitor the vertical dust drift pattern.
  Finally, as particulate matter with an aerodynamic diameter smaller than 10 µm (<PM10) is 
known to have a negative effect on human health (Boac et al., 2009; Ljung et al., 2008), specific 
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information about these fractions will be gathered at minimum one outlet of the machine using 
two types of equipment: Dekati® PM10 impactor (PM >10, 10‒2.5, 2.5‒1, <1), and the handheld 
Graywolf GW-3016 particle counter (PM <10, 10‒5, 5‒2.5, 2.5‒1, 1‒0.3). Both samplers will be 
installed in the proximity of the drill’s outlets without hindering the air flow.

Results and Discussion

Selected drills 
The Fedagrim data (Fig. 2) indicated that the majority of drilled used in Belgium are bulk drills 

and most of them are mechanical bulk drills (MBD). In contrast, most precision drills used in 
Belgium have a pneumatic working system. Up till now, no distinction is made between pneumatic 
precision drills (PPD) with over- or under pressure. PPD with overpressure, however, are relatively 
new and their use is rather limited in Belgium for now, although studies have shown their dust drift 
reducing properties (e.g. Nikolakis et al., 2009).

Fig. 2. Share of different type of drills on the Belgian market based on more detailed Fedagrim-data 
(2008–2010).

Machine design
The simplified CAD drawings of the different selected drills and tractors are presented in Fig. 3. 

Both the New Holland and Case tractor had the same geometry.

Airflow patterns
For now, the airflow patterns of three tractor-machine combinations and settings were tested. And 

some interesting observations could be made. The 1D-hotwire measurements at the outlets of the 
different pneumatic drills showed that the velocities of the air leaving the Gaspardo ST Stella 300 
with deflector kit (26.1 ± 2.60 m s-1) are much higher than the velocities recorded without deflector 
(13.4 ± 6.00 m s-1). The exit velocities of the airflow observed at the outlets of the PBD were very 
low (0.11 ± 0.05 m s-1).

Fig. 3. Simplified CAD drawings of the selected drills and tractors: the mechanic bulk drill (A), the pneumatic 
bulk drill (B), the pneumatic precision drill without (C) and with (D) deflector, the Fendt Favorit 600 LS 
Turbomatic (E) and New Holland TM or Case MX155 tractors (F).
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The measurements done with the acoustic 3D-anemometers showed that, in general, the speed of 
the air streams around the tractor-drill combination is low (0–0.78 m s-1). Nevertheless, in a cross 
section right behind the machines (x = 0 m), a distinguished plume was observed for the PBD and 
the PPD without deflector kit whilst this was not the case for the PPD with a deflector kit (Fig. 
4). The maximum wind speeds recorded in the planes behind these machines were 0.30, 0.58 and 
0.14 m s-1 respectively.

Fig. 4. 2D vector plots of the airspeed measured behind the centre of the PPD without (A) and with (B) a 
deflector installed and for the PBD (C). 

Indoor dust drift experiments
Seventeen smaller seed batches were coated with the different mineral chelate tracers available 

(Foqué et al., 2014a) to design the right formulation for each of the intended threshold values 
(Table 1). Step by step, Cropsafe  created seeds with the desired seed quality by changing the 
type(s) and amount of different polymers. The actual seed quality was measured based on Heubach 
measurements done after each step. The HV of the selected formulations are shown in Table 
2 demonstrating that the actual HV values were in the same range or even slightly lower than 
the intended threshold values (Table 1). These initial tests (background concentration in seeds, 
coagulating effects with the polymers used for coating, etc.) also showed that only four chelate 
tracers (Co, Mo, Mn and Zn) can be used to produce reference tracer seeds.

Table 2. Heubach values of all the seed batches created during the preliminary trials

HV (G/100 kg)
Seed species Good Medium Bad
Maize 0.30 ± 0.17 0.80 ± 0.10 2.03 ± 0.31
Wheat 1.03 ± 0.15 2.33 ± 0.35 4.96 ± 0.42

Conclusions

The results above show that reference seeds, coated with a tracer instead of actual a.i., can be 
developed. By using specific formulations, seeds with different qualities in terms of Heubach 
values can be created. The analysis also showed that the mineral chelate tracers Co, Mo, Mn and 
Zn could be used to create these coated seeds.
In addition, the 3D-measurements of the airflows behind the drills show that deflectors successfully 

lower the air speed behind the PPD although higher wind speeds were observed at the outlets than 
the once measured with a standard PPD.

A B C
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