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Authorisation of plant protection products (PPPs) in the European Union distinguishes between applications of these substance
to crops in open ﬁeld and crops grown under cover. However, risk assessment for applications to covered crops lags well behind
that for open ﬁeld. In several areas, occurrences of PPP in surface water were attributed to their use in protected crops and
therefore EFSA and several EU member states initiated research to enable risk assessment in the near future.
Crop production under cover is becoming more and more important in the EU. The variability in cover structures is quite large
and ranges from rather open plastic shelters to fully climate controlled greenhouses (Figure 1). All these structures however
cannot be considered fully closed and emissions may occur (EFSA, 2010). Crop growth requires the structures to be ventilated
and some excess water has to be supplied to avoid salinisation of the growing system (both soil bound and soilless cultivation).
Ventilation and leaching or discharge were identiﬁed as potentially the major driving forces of emissions of PPP from protected
crops.

Figure 1 - Main categories of protection structures. Small structures are not accessible
to the workers, and are generally temporary. Walk-in structures are large enough to
work in the structure and may be closed at all sides with water-proof screens

Dependent on the receptor and the major driving forces, a series of models are necessary to calculate:
1. climatic conditions in the structure, taking into account outside climatic conditions, with for example the ventilation rate of
the structure as a result;
2. crop water requirements;
3. a model for distributing water to the crop, based on available water sources and the quality of the water;
4. depending on the growing system, a model for calculating water discharge from soilless systems or drainage / leaching from
soil-bound systems;
5. models for calculating emissions of plant protection products and resulting concentrations in the receptors air, groundwater,
soil and surface water.
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For example, Vermeulen et al. (2010) and Beulke et al. (2011) coupled several models to calculate emissions to air, groundwater
and surface water. In example calculations, they conﬁrmed ventilation and leaching respectively discharge as the major
driving forces for emissions and showed that emissions are indeed possible. For selected cultivations in walk-in tunnels and
greenhouses, calculated emissions to air were of the same order of magnitude as in comparable open ﬁeld cultivations. Leaching
to groundwater and drainage to surface water from greenhouses were calculated to be lower than in comparable open ﬁeld
cultivations for temperate climatic conditions (Beulke et al., 2011). Temperature diﬀerences were identiﬁed to be the major
factor in the lower leaching.
Recirculation of water in soilless system may diminish or prevent emissions via discharge. In case of insuﬃcient water of high
quality, however, discharge of too saline recirculating water is necessary and any PPP contained in it will be emitted, usually to
surface water. Such emissions may be substantially higher than emissions from open ﬁeld (Vermeulen et al., 2010, Beulke et al.,
2011). Also condensation may contain PPP and thus be a source of emission. Discharge from recirculating nutrient solution and
condensation have no equivalent emission routes in open ﬁeld cultivations.
Based on the example calculations and considering the major driving forces, cultivations in closed walk-in structures were
identiﬁed as cultivations for which risk assessment methodology, including scenarios, needs to be developed (see Table 1).
Existing risk assessment methodology for open ﬁeld does not cover major emission routes (discharge and condensation) or may
overestimate emissions from closed walk-in structures because scenarios are not representative of protected crop cultivation.
Emissions from other walk-in structures and small structures are expected to be not signiﬁcantly diﬀerent from open ﬁeld
systems.

Table 1 - Covered cropping systems which were identiﬁed having high priority for establishment of risk
assessment methodology
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