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Abstract

It is important to be able to make accurate predictions of the potential for pesticide sprays 
to deposit on adjacent off-target habitats in order to make sound regulatory decisions that 
protect the environment. In the 1990’s, the USA Spray Drift Task Force (SDTF) conducted 
a comprehensive program of field drift studies and the resulting data were used to generate 
models for traditional aerial, ground and airblast application methods. The data generated for 
airblast applications however, were limited and do not reflect todays agricultural practices. 
The main conclusion from the SDTF work was that droplet size was one of the primary 
drivers behind drift followed by canopy type. The current conservative drift fraction used 
by US EPA for airblast applications assumes an aerosol/very fine droplet size and sparse 
young dormant trees (a composite of small grapefruit and dormant apple orchards). 
There are, however, a number of drift data sets available internationally for regulatory 

use. This paper describes the database development and the subsequent extraction of large 
amounts of drift data gathered across the international community and pooled to more 
confidently address the effects of, in this case, canopy density and low drift air induction 
nozzle on downwind deposition of pesticides. The results highlight that crop canopy and 
drift reducing techniques significantly reduce drift potential. Moreover the accumulation 
of data into one central depository could be useful to further research and regulatory 
decisions in this area.
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Introduction

The US Environmental Protection Agency (EPA) currently uses empirical curves generated by the 
Spray Drift Task Force (SDTF) data (SDTF-, 1997) to provide a conservative estimate of potential 
airblast off-target deposition for aquatic and terrestrial exposure assessments.  US EPA regards 
the SDTF airblast data as somewhat limited especially for horticultural crops (FIFRA, 1999). 
Although other crop specific data is available the EPA only approves the very worst case data of a 
Very Fine (VF) droplet size distribution in dormant season orchards.  In 1999, the EPA Scientific 
Advisory Panel (SAP) recommended augmenting available information with newer data as more 
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high-quality ground spray drift studies become available (EPA-OPP, 1999).  This augmentation 
has become more important as time goes by because the SDTF studies are now over 20 years 
old meaning the data does not reflect the significant advances that have been made in application 
technology in terms of drift reduction.  In response a Drift Database is under construction to bring 
together old and new airblast data from the international community (Bonds & Leggett, 2015). 
The drift database is designed to be a “live” (continually updated) publically accessible resource 
operated on the principles of open Ag Data. The plan is to continuously update the database as 
new information becomes available as well as to have formal surveys of scientists involved in the 
area every few years.  
The Drift Database only considers measures of off-target ground deposition. Current exposure 

assessments focus on off-target terrestrial and aquatic deposition. Therefore horizontal collection 
devices are considered the most simple and important measure of drift from a regulatory standpoint. 
Moreover, horizontal ground data are easily compared due to the straightforward operation of 
the deposition samplers. Yates et al. (1974) used Mylar horizontal deposition samplers for drift 
assessment and found a near straight line correlation with deposits measured on individual alfalfa 
plants meaning the horizontal drift samplers are a good method for measuring deposition. The shape 
and the size of the sampler does not affect the quantity of deposit per unit area when the target is 
not elevated (Goering et al., 1977). Therefore, horizontal deposition data can be directly compared 
and combined from one research program to another with a certain amount of confidence. 
The current state of understanding of off-target drift associated with airblast applications identifies 

droplet size distribution and canopy or foliage density as the most important factors affecting 
downwind deposition (SDTF-, 1997).  Dormant apples had significantly higher deposition profiles 
compared to apples in full foliage, which have the lowest deposition profiles of all the other 
measured crops (SDTF-, 1997). Wolf  & Caldwell (2001) obtained similar results where most 
efficient removal was obtained under optimal conditions for the spray cloud to flow through the 
filtering canopy. However, Cross et al. (2001) found that there is an inverse relationship with tree 
area density; where there are gaps in between or underneath trees spray drift is increased. Droplet 
size is typically the main parameter that correlates with driftable distance. Droplet size is clearly 
important along with the liquid properties (Butler Ellis & Tuck, 1999;  Butler Ellis et al., 2001). 
Semmes et al. (1990) defined the relative span and the percent of drops less than 200 µm as the 
primary parameters. Drift reduction often focuses on decreasing the volume fraction of small drops, 
typically those smaller  than 100 µm depending on the atmospheric conditions (Walklate, 1992).
Within this paper it was decided to group data to look at the effects of foliage density and the 

adoption of Drift Reduction Technology (DRT). Apple was chosen to be used as an example because 
it’s a crop for which the global agricultural methods are sufficiently similar to support the direct 
combination of drift data sets from multiple countries. The majority of studies in the database are 
from the Belgian, German American and Dutch databases. The database also contains data on arable 
crops from tractor boom sprayers, but not aerial applications. It was felt that aerial applications are 
well served by the physics based model AgDISPTM.

Materials & Methods

The database has two distinct Graphical User Interfaces (GUI): one for data entry and one for 
extraction. The Data Entry GUI is only available to the data owners whereas the Extraction GUI 
is available to all. The Extraction GUI requires you to specify crop. This is the only required 
field, thereafter one can be as detailed in selecting criteria as possible. The separate parameters 
are listed under the headings of Canopy, Machinery and Meteorology. Table 1 summarises the 
crop and number of treatments currently in the database.  
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Table 1.  The current number of treatments for orchard applications within the database

Crop Treatments
Almond 2
Apple 156

Crabapples 3
Grape 396

Grapefruit 14
Orange 2

Pear 1
Simulated Dormant 42

For this paper the criteria were simply ‘Apple’ and ‘Axial Fan Sprayer’. The data for each separate 
trial was saved as an individual work sheet in an excel work book for that extraction query. 
The extracted data was then ordered to address the effects of more specific cropping systems and 

developments in application technology. The reference was defined as an axial fan sprayer equipped 
with hollow cone nozzles. That data was then separated for growth stage into dormant and full leaf. 
Next the experiments utilizing Axial fan sprayers with Air Induction low drift nozzles, referred 
hereafter as DRT (drift reducing technology) were gathered and separated for growth stage into 
dormant and full leaf. Table 2 summarises the datasets extracted from the database for analysis 
within this paper. 

Table 2. Showing the experiments extracted from the database on drift from apple orchards all 
performed with axial fan sprayers

Database used Number of 
treatments 

Number of 
replicates

Treatment variables

PRI WUR 10 10 Five different sprayers full leaf and dormant 
PRI WUR 6 4‒8 Full and dormant and sides sprayed 
PRI WUR 8 4 Nozzle type full and dormant 
JKI 1 15 Standard sprayer
PRI WUR 24 10 Nozzle type full and dormant plus addition if a 

shield
JKI 3 3 Application rates
PRI WUR 6 16 Shield full leaf and dormant
PRI WUR 8 16 Nozzle type air volume and sides sprayed
PRI WUR 8 8 Nozzle type and air volume 
PRI WUR 4 5–12 Full leaf and dormant and application rate
JKI 1 10 Apples in foliage
JKI 16 10 Pressure full leaf and dormant 
JKI 2 15 Two sprayers
JKI 5 8 Sprayer and nozzle type 
ILVO 5 3 Sprayer type full leaf and dormant 
JKI 6 10 Sprayer type 
JKI 4 8 Sprayer type and air volume 
JKI 4 10 Sprayer type 
SDTF 2 1–2 Full leaf and dormant 

PRI WUR = Plant Research International, part of Wageningen UR, JKI= Julius Kühn-Institute, ILVO = The 
Institute for Agricultural and Fisheries Research, and SDTF = Spray Drift Task Force.
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One of the challenges with comparing data is the different driftable distances measured. Within 
the European Union the focus is on the near field whereas the SDTF data measured deposition at 
extended distances. The deposition distances for the different datasets used in this exercise were: 
SDTF   -85, 8, 15, 30, 91, 183, 244, 335, 549 m. 
PRI WUR  1.5, 3.25, 3.75, 4.25, 4.75, 5.25, 5.75, 6.25, 6.75, 7.25, 7.75, 8.25, 8.75, 9.25, 

9.75, 10.25, 10.75, 11.25, 11.75, 12.25, 12.75, 13.25, 13.75, 14.25, 14.75, 20.5, 
25.5 

PRI WUR  2.75, 4, 5, 6, 10 m
ILVO   1, 2, 3, 4, 5, 10, 15, 20, 30, 40 m 
JKI  5, 10, 15, 20, 30, 50, 75, 100 m 
JKI  3, 5, 7.5, 10, 15, 20, 30, 50 m 
The current curves in regulatory databases use a form of power curve. There is, for the SDTF data, 

an argument to use Logarithmic scales because they are convenient if you want to see differences at 
long distances, but at short drift distances logarithmic scales make differences unclear. The biggest 
advantage with logarithmic scales is that you have linear trend lines. For the nearer field EU data 
however it is preferable to use the drift% and distances as they are. This made combining the data 
difficult. Another concern was the unfortunate lack of replication in the SDTF data, for apple there 
was only one replicate for dormant apple and two replicates for apple in full leaf. It was decided 
therefore to not use the SDTF data and only use the more compatible and appropriately replicated 
Belgian, Dutch and German data.

Results

The data for the four different treatment parameters reference sprayer in full leaf, reference sprayer 
dormant DRT in full leaf and DRT dormant were averaged are presented in Fig. 1.  This shows the 
driftable distance and percent of applied for Reference and DRT applications in dormant and full 

Fig. 1. Chart showing the driftable distance and percent of applied for Reference and DRT applications in 
dormant and full leaf canopies (average + trendline).
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leaf canopies. As originally discussed the effects of canopy density and droplet size distribution have 
a significant impact on driftable distances. With the logical end points showing true, the coarser 
spray and denser canopies reduced the downwind drift potential of the spray.  
By calculating the area under the curve for the reference sprayer and comparing this to the area 

under the curve for the DRT application the drift reduction potential of the DRT was calculated 
for both dormant and full leaf canopies for different drift distances (Fig. 2). 
The drift reduction potential of the air inclusion nozzles, up to 85% in full leaf conditions compared 

with dormant conditions up to about 76% at 20 to 25 m. The drift reduction potential increases 
with increasing drift distances. However, it can also be seen that in the near field, (<5 m) the DRT 
deposited significantly more than the reference sprayer due to the larger depositing droplet size 
distribution. 

Fig. 2. Drift reduction potential of the DRT applications in dormant and full leaf canopies at various distances.

Conclusion
 

This exercise neatly demonstrated the use of additional data to investigate the effects of application 
parameters on drift. As a live open source effort one would hope that where data is not proprietary 
we can encourage further collaborations. The current status of the database seems to be at a standstill 
we are looking for additional data to make it truly useful. 
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