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IX Drift from different application techniques in   
 potatoes and the influence of a filter crop in the  
 buffer zone 

 Peter Kryger Jensen

During field spraying, losses to the surroundings in the form of spray drift inevitably occur. Spray drift 
is defined as spray liquid transported away from the sprayed area without being deposited. A number 
of factors influence spray drift of which application technique, meteorological conditions and hedges/
buffer zone canopy are considered the most important. The influence of combinations of spray drift  
reducing techniques was tested in this investigation. During spray drift experiments, the standard  
prescribes an open area with short cut grass or bare soil in the wind direction from the sprayed area. 
In this investigation, the spray technical factors were combined with two different situations in the  
border zone. The border zone consisted of either bare soil or a high filter crop in order to investigate 
the potential of using a filter crop to reduce spray drift. When buffer zone requirements to pesticides 
are determined, the standard values used in Denmark and a number of other countries are the so-called 
Ganzelmeier values, consisting of a large data set of drift values from spraying with standard techniques 
relevant for the actual crop. These values denote the expected sedimentation spray drift concentration 
at increasing distance from the sprayed area. Sedimentation spray drift is the fraction of spray drift  
consisting of the largest and most heavy spray drops depositing at the soil surface close to the sprayed 
area. Another fraction, the airborne spray drift, consists of the smallest drops with such a low gravity 
that the drops predominantly follow the wind movements. This fraction is according to international  
standards measured at different heights on masts placed 5 m from the edge of the sprayed area.  
Measurement of airborne spray drift is often not included in spray drift experiments as the values are 
not used for regulatory purposes. Further, the two different drift fractions are believed to be correlated. 
However, as the use of a high filtering canopy at the edge of the sprayed field could be expected to  
influence the profile of the spray drift cloud a measurement of the airborne spray drift fraction was  
included in some combinations in this investigation.

Materials and methods
The investigation was carried out in potatoes, cv. Kuras, cultivated according to normal practice. The 
crop was established on 16 April with a row distance of 0.75 m and the distance between plants was 0.33 
m. The potato crop was fertilised with 147 kg nitrogen per/ha as NPK 14-4-17. Weed control and control 
of pests and diseases were according to good agricultural practice. A graphical overview of the test area, 
drift collectors, etc. is shown in Figure 1. The spray drift test was carried out on 21 August at a time when 
the potato crop was 0.75 m high. The width of the potato area was 24 m and the length 100 m. At the 
time when the potato crop was established, a filter crop was established at the border of the potatoes and 
half the length of the potato crop (50 m). Maize (cv. Artikus) was sown on 3 May as a border crop and 
fertilised with 147 kg/ha nitrogen. The maize filter crop was sown in 4 rows with 0.5 m row distance and 
0.05 m plant distance. Following emergence, the plants were thinned to a plant distance of 0.15 m. The 
maize crop was kept weed-free with herbicides and at the day of the drift test the maize crop had reached 
a height of 2.0 m. As neighbour to the potato crop at the other half of the length, the soil was kept bare 
by cultivating the soil in a width of 2 m. At the day of the drift test, the test area next to the maize and the 
bare soil was short cut cereal stubble. The spray application in the spray drift test was carried out with a 
lift-mounted Hardi Master Twin equipped with a 15-m-wide boom. 

The test was carried out according to the following protocol.  
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Factor 1. Application technique 
1. Reference FF 110-03, 1.2 l/min, 3 bar, 6 km/h 240 l/ha, boom 0.5 m above crop
2. 75% drift reducing technique, ID120-025, 1.15 l/min, 230 l/ha, 6 km/h, boom 0.5 m above crop
3. 90% drift reducing technique, ID120-025, 0.9 l/min, 180 l/ha, 6 km/h, boom 0.5 m above crop
4. Treatment 3 but with Twin air assistance (approx. 20 m/s, 450 forward angled)
5. Treatment 3 but with Twin air assistance (approx. 20 m/s, 450 forward angled) and boom height 

reduced to 0.25 m above crop

Factor 2. Border zone (in the wind direction after the last row of potatoes)
1.  Bare soil (reference)
2.  Maize crop (4 rows at 0.5 m distance and 2.0 m high at the test)

Factor 3. Sedimentation drift: distance from sprayed area (edge of field is 0.25 m from 
the outermost nozzle)
4 distances: 3 – 5 – 10 and 15 m

Factor 4. Airborne spray drift: measured on masts placed 5 m from the edge of field at 
the following heights (only factor 1.1 and 1.5)
8 heights: 0.5 – 1.0 – 1.5 – 2.0 – 2.5 – 3.0 – 3.5 and 4.0 m

A schematic overview is shown in Figure 1 and can partly be seen in Photo 1.

Sedimentation spray drift was collected on Petri dishes placed just above soil/stubble level. The Petri 
dishes were placed in 2 rows with a mutual distance of 3 m. Airborne spray drift was collected on a mast 
placed 5 m from the edge of the field. Airborne spray drift was only measured applying the reference 
technique (factor 1.1) and technique 5 (factor 1.5). The purpose was to investigate whether the spray drift 
profile was changed when the spray drift plume passed the filter crop in the border zone. Spray drift 
collectors on the mast were steel cylinders with a diameter of 2 mm and a length of 50 mm. During the 
field test, the wind direction should be perpendicular to the sprayed area although a deviation of +/- 300 
can be accepted. In the test, spray application was carried out at a length of 100 m allowing application 
to be initiated at least 20 m before the first row of drift collectors and until at least 20 m after the last 

Figure 1. Graphical overview of the test set-up with placement of Petri dishes for sampling of sedimen-
tation drift and masts where airborne spray drift collectors are placed at heights of 0.5–4.0 m.
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row of collectors. In combination with the requirement regarding wind direction, this ensures that the 
drift created during application passes the Petri dishes and the masts with collectors. The sprayed area 
was in all treatments 15 m wide. 

Background contamination was tested placing a Petri dish upwind. During each replicate the wind speed 
was measured at 2 m height when the sprayer passed the rows of collectors. Temperature and humidity 
were measured during the entire test.  

The spray liquid consisted of tap water and the fluorescent tracer, brillantsulfoflavin. Following each 
replicate, the Petri dishes and steel cylinders were collected and new ones were mounted.  A lid was put 
on the Petri dishes before collection and the steel cylinders were collected in small 50-ml bottles. All 
samples were stored cool and dark until analysis.   

During the test, a stable wind in the interval of 3.5–5.0 m/s was recorded. The temperature varied  
between 16 and 180C and the air humidity varied between 55 and 75 RH. The individual measurements 
of wind speed during each replicate are shown in Table 1.

The tracer in the samples was dissolved with water containing 0.1% non-ionic surfactant and the  
concentration of tracer was determined. The tracer content was determined using a Perkin Elmer  
model LS 50B luminescence spectrometer. The Petri dishes (and bottles) were shaken and a sample of 
6 ml was used in the fluorescence detector. The sample was excited at a wavelength of 410 nm and after 

Photo 1. Application with the reference technique during the test.

Table 1. Wind speed (m/s) measured at 2 m height during each replicate. 

Technique Replicate 1 Replicate 2 Replicate 3 Replicate 4
Reference FF-03 4-5 3-4 3-4 3-5
ID-025 75% red 4 3-4 2-3 2-4
ID-025 90% red 3-5 3-5 2-4 3-5
ID-025 90% red + Twin 3-5 3-5 2-3 3-5
ID-025 90% red + Twin + 0.25 m boom 3-5 3.5 3 2-3
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excitation emission was measured at 518 nm. The content of the sample was quantified using a number 
of standard concentrations ranging from 2 to 192 mg l-1. From the concentration of brillantsulfoflavin 
in the sample, the total amount of tracer in the sample was calculated. The sedimentation spray drift 
values at increasing distance from the sprayed area are shown as a percentage of the applied dose. The 
reference technique FF-03 is an international standard, and the drift reduction obtained using the other 
techniques is also shown as a percentage of the drift value obtained with the reference technique. The 
measurement testing milliQwater and non-ionic additive without tracer corresponded to 0.01% of the 
applied tracer dose. This background value is not withdrawn from the values, but measurements below 
0.01% of the applied dose are shown as below detection limit.

Results and discussion
The sedimentation drift values shown as a percentage of the applied dose are shown in Tables 2-3. Table 
2 shows the measurements with bare soil as border zone and Table 3 shows the corresponding results  
with maize as border zone crop. It can be seen from Table 2 that sedimentation spray drift values are  
reduced significantly when the tested drift reducing techniques are applied. The Lechler ID120-025  
nozzle is classified to 75% drift reduction at max 4.0 bar, and it is classified to 90% drift reduction at max 
2.5 bar. Using the ID120-025 nozzle at these 2 setttings reduces the spray drift values to low levels. The 
use of Twin air assistance in combination with the 90% drift reducing nozzle reduces the drift values 
further. At 3, 5 and 10 m distance air assistance reduces drift values by approximately 75%. The combi-
nation of a 90% drift reducing nozzle, Twin air assistance and low boom height reduces the drift values 
further and values at 10 and 15 m distance are below the detection limit of 0.01% of the applied dose. It 
is therefore not possible to quantify the influence of reduced boom height.

Table 2. Sedimentation spray drift at increasing distance from the sprayed area. Values are shown as a 
percentage of the applied dose of tracer. Standard deviation is shown in brackets. Values obtained from 
application with bare soil (reference) as border zone.
Application technique Distance from edge of field (m)

3 5 10 15
Reference FF 110-03 3.38 (3.09) 1.59 (1.29) 0.45 (0.25) 0.28 (0.16)
75% red, ID120-025 0.25 (0.17) 0.11 (0.06) 0.05 (0.02) 0.03 0.01)
90% red, ID120-025 0.13 (0.08) 0.08 (0.04) 0.06 (0.03) 0.03 (0.01)
90 % red + Twin 0.03 (0.03) 0.02 (0.01) 0.01 ((-) 0.01 (-)
90% red + Twin + 0.25 m boom 0.02 (0.01) 0.01 (-) bd (-) bd (-)
bd: below detection limit.

Table 3. Sedimentation spray drift at increasing distance from the sprayed area. Values are shown as a 
percentage of the applied dose of tracer. Standard deviation is shown in brackets. Values obtained from 
application with maize as border zone.
Application technique Distance from edge of field (m)

3 5 10 15
Reference FF 110-03 0.32 (0.20) 0.15 (0.09) 0.14 (0.06) 0.12 (0.06)
75% red, ID120-025 0.03 (0.01) 0.02 (0.01) 0.03 (0.04) 0.02 (0.03)
90% red, ID120-025 0.03 (0.01) 0.02 (0.01) 0.02 (0.01) 0.02 (0.01)
90% red + Twin 0.02 (-) 0.01 (-) 0.01 (-) bd (-)
90% red + Twin + 0.25 m boom 0.02 (0.01) 0.01 (0.01) 0.01 (0.01) bd (-)
bd: below detection limit.
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Generally, significantly lower sedimentation spray drift values were found where maize was used as 
border zone (Table 3) compared to the bare soil reference.  However, drift values decreased more slowly 
with distance where maize was used as border zone compared to the bare soil reference. Hence, the drift 
reducing effect of maize as border zone decreases at increasing distance when compared to the bare soil 
reference. With maize in the border zone most of the drift values found, using 90% drift reducing nozzles 
in combination with Twin air assistance, were close to or below the detection limit, as was the combina-
tion including lowered boom height.

Table 4 shows the drift reduction as a percentage when the combinations of drift reducing technique 
and border zone crop are compared with the FF-03 and bare soil reference situation. In the bare soil 
situation, combinations of drift reducing nozzle, air assistance and lowered boom height actually reduce 
sedimentation drift by 99%. Comparing the reference technique with bare soil or maize as border zone 
shows a 90%-reduction at 3 and 5 m distance where maize was in the border zone (0.32 vs 3.38 at 3 m 
and 0.15 vs 1.59 at 5 m). However, at increasing distance from the edge of the field, the effect of maize is 
reduced and the drift reduction with maize constitutes 69% at 10 m and 57% at 15 m. A similar influence 
of maize in the border zone instead of bare soil can be seen with the ID120-025 nozzle classified to 75 
and 90% drift reduction. Drift reduction was 99% at 3 and 5 m distance but decreased to 93% at 15 m. 
During the test, it was observed that the spray plume was partly lifted above the maize in the border 
zone.  Maize in the border zone thus reduces spray drift significantly; however, the high maize plants in 
the border zone changed the vertical profile of the spray plume.  

It was anticipated that a high filtering crop in the border zone might influence the vertical profile of the 
spray plume, and therefore airborne spray drift measurement was included in two combinations to in-
vestigate this. Airborne drift was collected on a mast placed 5 m from the edge of the field, and airborne 
drift was measured at 0.5 to 4.0 m height using the reference technique and technique 5. However, 15 
of the 16 measurements with the strongly drift reducing technique 5 were below the detection limit. The 
airborne spray profile using the reference FF-03 nozzle is shown in Figure 2. 

Table 4. Spray drift reduction (%) compared to the reference situation (reference FF-03 and bare soil).

Technique Border zone Distance from edge of field (m)
3 5 10 15

Reference FF 110-03 Bare soil - - - -
75% red, ID120-025 Bare soil 93 93 89 89
90% red, ID120-025 Bare soil 96 95 87 89
90% red + Twin Bare soil 99 99 98 96
90% red + Twin + 0.25 m boom Bare soil 99 99 Nd Nd
Reference FF 110-03 Maize 91 91 69 57
75% red, ID120-025 Maize 99 99 93 93
90% red, ID120-025 Maize 99 99 96 93
90% red + Twin Maize 99 99 98 Nd
90% red + Twin + 0.25 m boom Maize 99 99 98 Nd
Nd: not determined as the absolute value was below the detection limit.
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The airborne spray drift values seen with bare soil in the border zone show the typical profile with the 
highest concentrations near the ground and decreasing values with increasing height. When the maize 
crop was in the border zone, a significantly different profile was found with the lowest value at 1.0 m 
height and the highest value at 3.0 m height. However, detectable values were found at 4.0 m height 
both with bare soil and with maize in the border zone. Generally, the maize crop reduced the airborne 
spray drift significantly despite the changed profile. In principle, the airborne spray drift in the 2  
situations can be quantified integrating the area below the 2 drift profile curves. The different drift  
profile obtained with maize in the border zone supports the observation that a part of the spray plume 
was forced over the 2 m high maize crop. At present there are no systematic studies investigating the 
effect of border structures on spray drift. It is expected that a more efficient drift reduction of the  
border crop could be obtained if the filter crop was more open. This would allow the spray plume to 
pass through the crop whereby the wind speed will be decreased, and at the same time parts of the spray 
plume will be deposited on the filter crop.  

Conclusion
The spray drift test shows that it is possible to reduce the spray drift to very low levels by different drift 
reducing techniques. The combination of nozzles classified to 90% drift reduction in combination with 
Twin air assistance and reduced boom height reduced the sedimentation spray drift values by 98% or 
more compared to the reference technique. Use of a high maize crop in the border zone reduced spray 
drift significantly compared to the reference situation with bare soil. It is assumed that the drift reducing 
effect of the border zone vegetation could be improved if a more open vegetation was established. 
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Figure 2. Airborne spray drift measured at 8 heights on a mast placed 5 m from the edge of the field. 
The application technique used was the reference FF03 nozzle, and the figure shows the different drift 
profiles obtained with bare soil and with maize in the border zone.
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