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ingredient in the soil against soil borne pathogens and insects. 
Systemic seed treatments also provide additional protection 
against early-season foliar diseases and insects. More selective 
seed treatment products for fungal pathogens or insect pests 
were introduced in the 1970s and 1980s. 

Seed treatment has many advantages when compared 
with other application methods of pesticides in the field. 
When seed dressing preparations are used, the substance is 
applied directly to the seed and smaller amounts of the active 
substance are required in seed dressing than in a field appli-
cation (Nault et al., 2004). The smaller rate reduces concen-
trations in the environment and the planting of the seed in 
soil reduces the potential exposure of non-target organisms 
(Alix et al., 2009). Additionally, the applied products can 
provide protection from the time of seedling emergence well 
into the growing season (Zhang et al., 2011) which limits the 
need to apply pesticides with other techniques. For the above 
reasons, treating seeds is an important aspect of integrated 
pest management programs. 

Although seed treatments have important benefits, they 
also pose certain risks, e.g., accidental exposure of workers 
who produce or apply seed treatments, contamination of the 
food supply by accidental mixing treated seed with food, trans-
location of systemic pesticides to guttation drops (Tapparo 
et al., 2011), nectar and pollen (Nikolakis et al., 2009)  and  
contamination of the environment caused by emission of 
abraded seed particles during sowing. Although bee mortal-
ity is acknowledged to be due to many causes, some prob-
lematic incidents from dust drift have mainly been associated 
with application of neonicotinoid insecticides (Jeschke et al., 
2008)  as a seed dressing. A coincidence of several worst-case 
factors aggravated the impact of the pesticide dust: poor seed 
treatment, use of unmodified pneumatic seed drills, delayed 
sowing due to bad weather which resulted in maize sowing 
concurrent with oilseed rape flowering and dry and windy 
weather during sowing

Dust from pesticide treated seed
Differing amounts of abraded dressing particles can be 
produced as a result of the dressing process, storage condi-
tions, handling, and movements before the drilling and break-
ing of seeds inside the drill. These particles contain various 
quantities of a.i. Additional abrasion powder is also produced 
during sowing (Biocca et al., 2011).

Following the bee poisoning case in the Upper Rhine 
valley in 2008, Pistorius et al. (2009) measured the amount 
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Introduction
Dressing seeds with pesticides is a widespread and effective 
way to control pests using smaller doses with potentially less 
harmful side effects (Koch et al., 2005). The technology also 
makes it possible to combine different applications into only 
one sowing procedure, helping to reduce the use of fuel, the 
risks of soil erosion and compression, and thus assisting low-
intensity farming practices and an integrated pest manage-
ment policy. The main disadvantages of this technique are that 
residues of systemic pesticides can be present in the guttated 
water, plant pollen and nectar of seed-dressed plants (Reetz et 
al., 2011) and that abraded seed particles can be emitted to 
the environment during sowing (Greatti et al., 2006; Nuyttens 
et al., 2013). In the last few years, this emission has resulted 
in bee losses in several countries and contamination of surface 
water, among others. The main factors affecting the risk from 
dust drift are the seed treatment quality, the seed drill tech-
nology and the environmental conditions (Nikolakis et al., 
2009). 

This review article presents a summary of the latest infor-
mation on the phenomenon of emission of dust from pesticide 
seed dressing during sowing and the consequences thereof. 

Pesticide seed treatment
Seed treatment is the process of applying fungicidal and/or 
insecticidal seed-dressing products onto various types of seeds 
as a protective coating to create a ‘protective zone’ of active 
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of dust in 82 different maize seed batches. Different varie-
ties of maize and different insecticides were tested by sieving 
the seeds over a 6 mm sieve. The size of dust particles was 
separated into a fraction of finer dust (< 0.5 mm) and coarse 
dust (> 0.5 mm). Amounts of dust ranged from 2 up to 60 
g of dust per 80 000 kernels (amount needed to seed 1 ha) 
with an average of 3.6 g fine dust and 4.9 g coarse dust. The 
coarse dust mainly contained larger plant particles (glumes) 
broken from the treated maize seeds. Fine dust mainly seemed 
to appear under conditions of sub-optimal coating proc-
esses. Larger concentrations of clothianidin were found in the 
fine dust fraction (from 18.5 up to 28.2%) compared with 
the coarse dust fraction (11.4 up to 14.7%). Marzaro et al. 
(2011) measured concentrations of clothianidin pesticide of 
approximately 20% in large fragments maize seed coating 
taken at the air outlet of the drilling machine which is much 
larger than the concentrations of the same products applied 
as a spray liquid solution. The first detailed characterization 
of dust from coated seed in terms of particle size distribution, 
texture and shape, density, surface and aerodynamical char-
acteristics was performed by Devarrewaere et al. (2015) using 
Micro-CT scanning.

Dust emission and drift from pesticide treated 
seed
Several authors have investigated the emission and drift of 
pesticides during sowing of dressed seeds. Dust emission is 
the release of pesticide-dust from the seeder. Dust drift is 
then defined as the off-target movement of this pesticide dust 
during or shortly after the application mainly under the influ-
ence of air currents.

The most important factors affecting the risk of dust drift 
from treated seed can be divided into three groups: seed treat-
ment quality, seed drilling technology and environmental 
conditions (Nikolakis et al., 2009).

Seed treatment quality
The seed treatment quality or the abrasion resistance of treated 
seeds has been identified as one of the key drivers of contami-
nation of the environment through abrasion of dust particles 
containing a.i. during sowing. The main factors influencing 
the quality of the seed coating in terms of dustiness and abra-
sion resistance are 1) the quality and cleanness of the seed, 
2) the formulation, 3) the seed treatment method and 4) the 
application recipe (Taylor et al., 2001).

Seeds should be properly cleaned before treatment to be 
free of any organic dust particles, as such particles greatly 
affect the amount of dust produced by the treated seeds at 
a later stage. An adequate aspiration system is important to 
remove all dust particles before the seed enters the seed treat-
ment machine. The quality of the formulation of the seed 
treatment products is also important. The main parameters 
are the particle size of the solids (i.e., a. i., pigments etc.) and 
the content of appropriate polymers (so called “stickers”) in 
the formulation. Dry powder formulations tend to sift off the 
seeds while liquid treatments are fixed better and are more 
difficult to remove from the seeds (EFSA, 2012). Stickers 

further enhance the intrinsic adhesiveness. Finally, the recipe 
of the final seed treatment slurry is important because it influ-
ences the final quality of the seed coating. Supplementary 
and appropriate adhesives (film coatings) are added to ensure 
adhesion.

Furthermore, the coating process must prevent the 
production of new dust during handling, transport and 
sowing. Greatti et al. (2006) also found that seeds of maize 
hybrids coated with the same product had different emissions 
of dust. Quantitative measurement of the abrasion resistance 
of treated seeds after coating is done using the Heubach test 
(Figure 1). This method has been identified as the standard 
test and has been included in many studies.  

Seed drilling technology
Three seeding methods can be distinguished by the horizon-
tal pattern of seed placement. Broadcast seeding, mainly used 
for cover crops, refers to random scattering of seeds on the 
soil surface. Bulk drilling is the random placement of seeds 
of closely spaced crops (like cereals) in furrows that are then 
covered. This is mostly performed using a mechanical (Figure 
2a) or a pneumatic machine using overpressure to divide the 
seeds between the different drill coulters (Figure 2b). In preci-
sion seeding or precision drilling, the seeds are planted in rows 
and the spacing of seeds within the rows is uniform e.g., in 
maize, sunflower, cotton, bean and sugar beet. Precision seed 
planters can be divided into three main categories based on 
the seed singulation mechanism: vacuum singling, mechanical 
singling and overpressure singling. The majority of precision 
seed planters use a vacuum for seed singling (Figure 2c).

These vacuum-based pneumatic seed drills provide a 
precise deposition of seeds by aspirating seeds from a deposit 
via suction pressure, generated by a central centrifugal fan, 
onto a perforated disk. The resulting exhaust air, which can 
contain varying quantities of abraded seed treatment parti-
cles, is emitted via the high-velocity outlet air stream of the 
machine through the fan opening. For standard equipment, 
the airstream outlet is generally placed directly on the fan and 

Figure 1. Heubach dustmeter for quantifying the abrasion potential of 
seed treatment coatings
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the outlet is directed upward approximately 1.5-2 m above 
the ground which results in a potentially large dispersion of 
abraded seed coating particles in the environment (Biocca et 
al., 2011). Moreover, the rotating sowing disks can lead to 
additional dust abrasion. Because of their use in spring during 
the planting season of maize, their popularity of use and their 
working principle, incidents of dust drift have mainly been 
reported for these vacuum-based pneumatic seed drills. 

Environmental conditions
Although not yet studied in detail, environmental conditions 
can also clearly affect the risk of dust drift. The risk of damage 
from dust drift increases in landscapes where many small-

sized maize fields are located in a diverse agricultural land-
scape with canola fields, orchards, and other bee-attractive 
crops, among others (Nikolakis et al., 2009). This results in 
many field boundaries being exposed to drift, especially when 
the maize drilling and the flowering season of the neighboring 
plants take place at the same time. Weather conditions also 
play a role. Dry and windy weather conditions enhance both 
the formation and drift of dust. 

Mitigation measures
The term ‘mitigation’ is used here in a broad sense synony-
mously to ‘risk reduction’, which comprises all measures that 
lead to a lower risk of dust drift. These mitigation measures 
include the use of an improved seed quality, modified machin-
ery, regulations and stewardship activities. In contrast with 
spray drift, the use of hedges and border structures, as drift 
mitigation measures has not yet been studied for dust drift.

Improved seed quality
The right adhesive and the optimum application rate must be 
chosen in function of the seed type and seed treatment prod-
ucts. This increases the chance of generating treated seeds 
with the maximum possible resistance to abrasion (Nikolakis 
et al., 2009). The surface properties and the geometry of 
different seed types (maize, canola, cereals, cotton, sunflower, 
vegetables, etc.) differ significantly, thus specific adhesives 
are designed and generally applied for each seed type. Such 
adhesives are generally natural or synthetic polymers like 
Arabic gum, carboxy methyl cellulose, gelatin, casein, poly-
vinyl acetate and many others. Companies for seed treatment 
should be instructed how to optimize the settings of the seed 
treatment machinery and be told which adhesives to use for 
maximum adhesion of the pesticide products. The method 
of seed treatment and the process of seed cleaning before 
and after coating also deserve attention. The standardized 
Heubach dust measurements (Figure 1) can be used to evalu-
ate the seed treatment quality. Schnier et al. (2003) compared 
the abrasion potential of three Gaucho® FS 350 formulations 
and found that the use of specific adjuvants optimized seed 
loading and reduced abrasion by 50%. Heimbach (2011) 
found an average Heubach value of 1.4 g per 100 kg of wheat 
seeds when no adhesive was used compared with 0.3 g per 
100 kg using an adhesive.

Modified seed drilling technology
Improving the quality of seed treatment is essential, but dust 
emission also needs to be reduced through technical solutions 
for sowing machines.

Various types of air deflectors or devices to reduce dust 
drift already exist. These generally have the aim of directing 
the air into the furrows created for seed distribution (Biocca 
et al., 2011). Moreover, the speed of the exhaust air of the 
vacuum system is reduced by ejecting the air via several tubes 
instead of one single outlet. At ground level, the exhaust air 
can be released via diffusers, cushions or within fertilizer disks 
(Nikolakis et al., 2009).

Figure 2. Different types of seed drilling machinery: a mechanical bulk 
drilling machine, amazon D9 3000 special (a),  a pneumatic bulk drilling 
machine, Kuhn Venta nc 3000 (B) and a vacuum based precision seed 
drill, gaspardo st stella 300 (c). 
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These deflectors or modification kits can generally be 
removed easily to restore “conventional drill” conditions. 
Using air deflectors, Pochi et al. (2012) found a reduction of 
the concentrations of a.i. in the air ranging from 72% up to 
95% compared with the reference. Herbst et al. (2010) found 
that off-target ground deposition can be reduced by more than 
90% using such a modified machine while Biocca et al. (2011) 
found that the use of deflectors resulted in a reduction of the 
emission of a.i. of approximately 50%. They also mention 
that avoidance of an excessive vacuum level can contribute 
to reduce dust drift. Nikolakis et al. (2009) measured values 
of dust drift in field conditions of five modified vacuum-
pneumatic drilling machines, a standard unmodified vacuum-
pneumatic maize drilling machine, a drilling machine operat-
ing with compressed air and a mechanical sowing machine. 
They found that all modified vacuum-pneumatic maize drill-
ing machines, together with the mechanical drilling machine 
and the drilling machine with compressed air, all performed 
similarly and all led to a significant reduction of dust drift 
compared with an unmodified vacuum-pneumatic maize drill-
ing machine. On the other hand, different authors concluded 
that modified seed drilling machinery still emit significant 
amounts of micrometric dust particles (Tapparo et al., 2012; 
Pochi et al., 2012).  Additionally, many farmers still prefer to 
work without deflectors because of their high generation of 
soil dust mainly during dry drilling conditions resulting in a 
low visibility of the drilling process and contamination of the 
equipment.

Besides the use of air deflectors, Pessina & Facchinetti 
(2010) suggest using a water filter to filter the exhaust air, 
then using the loaded water as a pesticide in the soil.

Regulations and stewardship activities
In most countries, a legal framework is in place to protect 
honey bees and other pollinator insects from the negative 
effects of pesticides and other agrochemicals according to the 
European Council Directive 91/414. 

The seed quality standards for maize seeds differ from 
country to country with Heubach values ranging from 0.75 
up to 1.3 g per 100 000 seeds (Forster, 2009). In Germany 
and Austria, the maximum permissible Heubach value for 
methiocarb on maize is established at 0.75 g per 100 000 
seeds. Maize seeds dressed with methiocarb may only be 
sown with machines that reduce dust drift by at least 90% 
compared to conventional vacuum-pneumatic machines. For 
this purpose, a standard test procedure was set up in which 
modified drift reducing sowing machines were compared with 
standard machines. Currently, over 150 dust drift reducing 
sowing techniques are approved and listed in the JKI list ‘drift 
reducing maize sowing machines’. 

The French authorities have set up a ‘dust schedule’ for 
seed coating factories which limits the discharge of dust to 4 
grams per 100 kg of coated seed (Giffard & Dupont, 2009). 
In the Netherlands, a maximum level of 0.75 g dust per 100 
000 seeds is enforced for all insecticides used as maize seed 
treatment.

In 2008 (following the Italian bee poisoning cases), the 
Italian government enacted the precautionary measure of 

suspending use of all four a.i. registered for maize seed dress-
ing (imidacloprid, thiamethoxam, clothianidin and fipronil). 
No incidents of bee poisoning were recorded in the springs of 
2009 and 2010 (Mutinelli et al., 2009).

In some countries like The Netherlands, France, Belgium 
and Germany, the use of deflectors is mandatory on sowing 
machines for certain products, although they are not always 
used in practice. This explains the stark variation in the share 
of modified sowing technology from country to country. In 
general, the risk assessment process differs from country to 
country and drift mitigation strategies are not harmonized 
internationally. 

In addition to regulations, the crop protection industry 
has initiated stewardship activities to increase the awareness 
of farmers, seed treatment companies, and manufacturers 
of sowing equipment. The goal of these initiatives is to raise 
awareness of dust drift among those involved with seed treat-
ment and to encourage them to minimize seed abrasion and 
emissions of pesticide seed dressing.

Conclusions
The use of seeds dressed with pesticides to control pests is 
widespread and has many advantages, but residues of systemic 
insecticides can be present in the guttated water, plant pollen 
and nectar of seed-dressed plants and there is the possibil-
ity of emitting abraded seed particles into the environment 
during sowing. Bee losses due to dust drift of pesticides have 
mainly been associated with the use of neonicotinoid insecti-
cides. The dust drift of pesticides may involve additional risks, 
however. The amount of abraded dressing particles and their 
characteristics mainly depend on the dressing process (qual-
ity and cleanness of the seed, the formulation, seed treatment 
method, etc.), storage conditions, and handling and transpor-
tation before and during drilling. 

The dust drift risk is mainly affected by the seed treatment 
quality, the seed drill technology, and environmental condi-
tions. Dust drift mitigation measures mainly include the use 
of improved seed quality and modified machinery using air 
deflectors on vacuum based pneumatic seed drills which direct 
the air into the furrows opened for the seed distribution or 
using a filter to filter the exhaust air. 

Some EU countries have enacted laws to protect honey 
bees and other pollinator insects from the negative effects of 
dust drift of pesticides. At least all EU member states must 
have a similar level of quality for seed treatments and the 
mandatory use and classification of drift reducing sowing 
equipment.
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