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The PPR Panel of EFSA is evaluating the importance of emission routes to facilitate the development of risk assessment methodology
for protected crops (crops grown under cover). To support this activity, EFSA commissioned a project to calculate emissions of
plant protection products (PPP) from protected crops to air, groundwater and surface water for various combinations of cover
structures and growing systems (EFSA, 2011). The results of this project are given here and in accompanying contributions.
The use of large amounts of irrigation water is common in certain types of soil-bound greenhouse cultivation to control the
salinity level of the soil. Movement of excess water and associated PPP to depth may pose a risk to groundwater. Modelling
was carried out to investigate whether emissions to groundwater from covered crops may exceed those from outdoor use in
field crops. The location Venlo (Netherlands) was selected to represent a common situation in the central zone. Venlo has free
draining sandy soils with a ground water table of ~1.5-2.5 m. Two crops with contrasting temperature optima (lettuce and
chrysanthemum) and irrigation at 15% or 50% above the crop evapotranspiration, applied at 2 – 3 days (summer) to 7 days
(winter) intervals, were considered in the model simulations. A PPP with a DT50 value of 100 days and a sorption Kom value of
116 L/kg was used in the modelling. The PPP was applied at 1 kg/ha on 30 April in each of 20 years. Additional PPP details were
tested for the lettuce scenario with 50% irrigation excess (Kom 10, 20, 35, 60, 116 or 200 L/kg, DT50 10, 20, 60, 100, 150 or 200
days, application 30 April, 10 June or 1 August). The models KASPRO (de Zwart, 1996) and WATERSTROMEN (Voogt and van Os,
2011) were used to simulate the climate and water balance inside the greenhouse. The movement of the PPPs to below 1 m
depth was calculated with FOCUS PEARL 3_3_3 (Leistra et al., 2001). Simulations were also undertaken for a generic crop in the
field. Average annual rainfall in the field was 867 mm per year, in comparison with irrigation of 1060 mm per year in lettuce and
1245 mm per year in chrysanthemum for the greenhouse scenarios with 50% irrigation excess. The average temperature in the
greenhouse was 18.1 °C for lettuce and 21.0 °C for chrysanthemum, while the average outside air temperature in the field was
10.7 °C.
The simulated annual volume of percolation below 1 m depth was less variable in the greenhouse than in the field (Figure 1).
The average percolation over 20 years for the 50% excess irrigation scenarios was similar to that in the field. Table 1 shows the
80th percentile concentrations in groundwater for the five scenarios. The concentrations much were smaller for the greenhouse
scenarios than for the field.

Figure 1 - Simulated annual average percolation in the field
and greenhouse

Table 1 - Simulated 80th percentile
concentrations in groundwater
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The key drivers for leaching are the volumes of leaching (influenced by the type of crop, length of cropping period and irrigation
regime) and the temperature (influenced by the type of crop and the growing strategy, the cover structure and its control
systems and the outside climate). The simulated 80th percentile concentrations in leachate for the lettuce scenario with 50%
excess irrigation and the 108 combinations of application dates, sorption and degradation properties are plotted against those
for the field in Figure 2. The average annual mass lost to below 1 m depth is also presented. The results show that emissions of
PPPs to groundwater can be significant for protected crops (80th percentile concentrations above 0.1 μg L-1). However, under the
tested conditions, the calculated emissions to groundwater from the greenhouse were consistently smaller than those from the
field (Figure 2). This is due to the higher temperature which led to faster dissipation in the greenhouse than in the field.

Figure 2 - 80th percentile concentrations (left) and annual mass loss to groundwater (right) for a range of
substance properties and application dates. Results from the indoor lettuce scenario (50% excess) are plotted
against the results from the field. The dotted line indicates exact agreement between the greenhouse and
field

Simulations were only undertaken for a single location and a small number of crops. Simplifying assumptions were made
to facilitate the comparison (e.g. possible enrichment with organic matter in the greenhouse and its effect on sorption and
degradation was not considered). The uncertainties and limitations inherent in the assessment must be considered and
additional model simulations are needed to test the validity of the conclusions drawn here for a wider range of conditions.
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