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XI Spray drift and deposition uniformity with  
 conventional technique and Hardi Twin air  
 assistance at two wind speeds 
 
 Peter Kryger Jensen

The prevailing wind conditions influence spray drift during an application. However, the wind condi-
tions also influence the quality of the application in the treated field. Many studies have documented the 
effect of wind on spray drift and how spray configuration can influence spray drift. The effect of wind 
on application quality or evenness is less well known. This study investigated the effect of wind on both 
spray drift and application uniformity in the treated area. The purpose of the study was to measure 
deposition and deposition uniformity in the target area and sedimenting spray drift from a conventional 
sprayer and a Hardi Twin sprayer with air assistance at different driving speeds. The aim was to carry 
out the test at two wind speeds, a normal low wind speed and a wind speed above the one normally  
recommended for applications with conventional sprayers. 

Materials and methods
An LD-025 nozzle at 3 bar (1.0 l/min) was used in all settings to achieve the volume rates and a trailed 
Hardi Twin sprayer with a 24-m boom width was used with and without air assistance for all settings. Air 
assistance in settings 2, 4 and 5 was decided by Hardi and varied between the test at low/normal wind 
speed and the test at high wind speed. Both tests were carried out at Aarhus University Flakkebjerg.   

Figure 1 shows a graphical overview of the test area, drift collectors, etc. During the field test, the wind 
direction should be perpendicular to the sprayed area although a deviation of +/- 300 is acceptable. The 
area sprayed was 24 m wide and 100 m long, leaving a distance of more than 30 m before, respectively 
after, the rows of drift collectors. 

The test at low/normal wind speed was carried out in a short cut stubble field on 27 June 2017 according 
to the following protocol:

The test at high wind speed was carried out in a newly emerged/short cut cereal crop on 30 May 2018 
with the following configuration:

Technique Speed (km/h) Volume rate (l/ha) Air assistance and angling
Conventional 8 150 -
Twin air-assisted 8 150 20 m/s at outlet 430-480

Conventional 12 100 -
Twin air-assisted 12 100 20 m/s at outlet 430-480

Twin air-assisted 16 75 20 m/s at outlet 430-480

Twin air was angled 480 when the wind direction was perpendicular to the driving direction and 430 when the wind direction changed 
towards some degrees headwind.

Technique Speed (km/h) Volume rate (l/ha) Air assistance and angling
Conventional 8 150 -
Twin air-assisted 8 150 57%, 50 backwards
Conventional 12 100 -
Twin air-assisted 12 100 57%, 50 backwards
Twin air-assisted 16 75 57%, 50 backwards
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The sprayed area was placed next to a free area (short cut grass or crop with a height of less than 0.15 
m) in the wind direction.

The drift collectors were placed at distances of 3, 5, 10, 15 and 20 m from the sprayed track on object 
carriers at soil level. Zero point was 0.25 m outside the outermost nozzle. Five rows of object carriers 
were included with a distance of 3 m between the rows. In the sprayed area, five rows of Petri dishes were 
placed at four distances (1, 3, 21 and 23 m) from the zero point to measure uniformity in the sprayed 
area. Petri dishes with an area of 149.6 cm2 were used to collect deposits in the sprayed area and spray 
drift. The Petri dishes were placed on the object carriers during the spraying to avoid contamination 
from previous passes. Additionally, one Petri dish was placed upwind during each spraying to check 
methodology. After one pass of the sprayer, the Petri dishes were collected and stored for analysis. Air-
borne spray drift was not measured.

The plan included 3 replicates at each spray technique, giving a total of 75 drift values, 60 deposition 
values and 3 methodology values at each setting. Climatic conditions were measured at an official me-
teorological station placed at Flakkebjerg. Additionally, wind speed, wind direction, temperature and 
humidity were measured continuously with mobile equipment during the experiment in the field where 
the drift test took place. Table 1 shows a summary of these data.

Following the field test, the Petri dishes were stored dark at 50C until the analysis. The fluorescent tracer 
brillantsulfoflavin (BSF) was added to the spray liquid corresponding to a dose of 200 g/ha at the low 
volume rate of 75 l/ha, 267 g/ha at 100 l/ha and 400 g/ha at 150 l/ha. All results are normalised to the 
same applied dose rate of BSF. The BSF was dissolved in 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 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 excitation 

Figure 1. Graphical overview of the test set-up with placement of Petri dishes for sampling of sedimen-
tation drift and deposition below the boom.

Table 1. Summary of weather conditions during the two tests.

Test conditions Wind speed (m/s) Temperature (0C) Humidity (rh)
Low wind conditions 2017 3.0 14 55
High wind conditions 2018 6.0 25 50
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emission was measured at 518 nm. The content of the sample was quantified using a number of standard 
concentrations. From the concentration of BSF in the sample, the total amount of tracer in the sample 
was calculated. 

The results are presented as a percentage of the applied dose.

Results and discussion
The test at low/normal wind speed was carried out under conditions where the wind speed varied from 
2-4 m/s and at a moderate temperature around 150C. During the test at high wind speed, the wind speed 
varied in the interval from 4 m/s during the first replicate to 8 m/s during the third replicate and the 
temperature was around 250C during the entire test. The relative humidity varied in both tests around 
50%. 
 
Deposition in the target area
Figures 2-3 show deposition values in the target area at four positions below the boom. Figure 2 shows 
the deposition values found at the low/normal wind test. Twin air assistance had a limited influence 
on deposit values at 8 km/h. However, at 12 km/h air assistance significantly increased deposition  
compared to conventional application at both 8 and 12 km/h. Application with air assistance at 16 km/h 
also resulted in higher deposition than conventional spraying but with larger differences between the 
windward and the leeward side. The most uniform distribution at low/normal wind speed was achieved 
with Twin at 8 km/h.

Figure 3 shows the corresponding results from the test at high wind speed. There is a larger difference 
between deposits in the windward and the leeward side, especially with conventional technique at both 
8 and 12 km/h. The most uniform application at high wind speed was found using Twin air assistance 
at 12 km/h closely followed by air assistance at 8 km/h. The values obtained using Twin at 16 km/h was 
almost the same as in the test with low/normal wind speed. 

Figure 2. Deposition below the boom at different distances from the end of the boom. The wind direc-
tion was perpendicular to the driving direction with Petri dishes placed 1 and 3 m from the end of the 
boom in the windward side (1 m W and 3 m W) and placed 3 and 1 m from the end of the boom in the 
leeward side (21 m L and 23 m L).  Test at low/normal wind speed June 2017.
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Droplets are supposed to be transported from the windward side towards the leeward side as seen  
especially with the two conventional applications. The result is lower deposit values in the windward 
side and maybe increased values in the leeward side. There is, however, no explanation why the values 
in the windward side with the Twin at 12 km/h is above 100% of the theoretically applied at all positions. 
The same sprayer and exactly the same sampling positions under the boom were used during all treat-
ments. The overall conclusion concerning deposition on the target is that Twin applications at 8 and 12 
km/h gave a more uniform deposition below the boom than the corresponding conventional applica-
tions especially at high wind speeds.

Sedimenting spray drift
Figures 4-5 show spray drift values from the two tests. Although the wind speed varied much between 
the test at low/normal wind speed and the high wind speed test, the absolute spray drift values in the 
two tests were at the same level. This could be due to the higher temperature in the test at high wind 
speed and the higher water pressure deficit. In the low/normal wind test (Figure 4), the conventional 
technique at 8 km/h had the largest drift and the Twin at 8 km/h the lowest values and the three other 
techniques had intermediate drift values.  

In the test at high wind speed (Figure 5) the two conventional applications at 8 and 12 km/h gave the 
largest spray drift values. Twin at 16 km/h reduced spray drift significantly compared to the two con-
ventional treatments, and the Twin application at 8 km/h had the lowest spray drift values although 
not significantly different from Twin at 12 km/h. However, drift values for Twin at 8 and 12 km/h were 
significantly below the Twin values at 16 km/h. 

Figure 3. Deposition below the boom at different distances from the end of the boom. The wind direc-
tion was perpendicular to the driving direction with Petri dishes placed 1 and 3 m from the end of the 
boom in the windward side (1 m W and 3 m W) and placed 3 and 1 m from the end of the boom in the 
leeward side (21 m L and 23 m L). Test at high wind speed May 2018. LSD = 23.5.
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Conclusion
Spray deposition and spray drift from applications at two wind speeds were tested at 8 and 12 km/h with 
conventional technique and at 8, 12 and 16 km/h with Twin air assistance. A 24-m trailed Hardi Twin 
sprayer equipped with LD-025 nozzles at 3 bar pressure was used in the test. The atomisation using the 
LD-025 nozzle at 3 bar is classified as “medium”. Measurements of deposits under the boom show that 
some of the spray was displaced in the crosswind. Deposit values under the boom were generally larger 
at the leeward side compared to the windward side. The differences were more pronounced in the test 
at high wind speed where the differences in deposition between the windward side and the leeward side 
were especially large with the two conventional techniques. The most even distribution below the boom 
was found with Twin air assistance at 8 and 12 km/h. 

Figure 4. Spray drift at increasing distance from the sprayed area using conventional technique or 
Twin air assistance at different driving speeds. Drift values are shown as a percentage of the applied 
dose. Results from test at low/normal wind speed June 2017. 

Figure 5. Spray drift at increasing distance from the sprayed area using conventional technique or 
Twin air assistance at different driving speeds. Drift values are shown as a percentage of the applied 
dose. Results from test at high wind speed May 2018.
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The spray drift measurements in the test showed a significantly lower drift from Twin at 8 km/h  
compared to the other four techniques at both wind speeds. Conventional technique at 8 km/h and 12 
km/h gave the highest spray drift. The two Twin applications at 12 and 16 km/h resulted in significantly 
lower spray drift than the two conventional applications, but higher drift values than Twin at 8 km/h.
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