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Abstract
A prototype air deflector and spraying unit hanged on conventional air-assisted orchard sprayer was used to make applications to the outside row 
of a trellis vineyard. Fluorescent tracer dye was applied by using hollow cone nozzles with 1.2 mm diameter orifice.  Experiments were conducted 
at three levels of spraying pressure, which were 6, 12 and 18 bar, and three levels of air flow rates, which were 24,830, 30,473 and 36,117 m3 h-1.
During the experiments, canopy distribution uniformity, coverage, downwind sedimentation and airborne drift were measured from 16 locations by 
using water- sensitive papers and filter papers.  Treatment with air deflector and spraying unit at 6 bar pressure and 30,473 m3 h-1 air flow rate 
produced the most uniform canopy distribution (CV = 6.24%). Although treatment with 18 bar provided the highest average deposit on the canopy 
samples, the difference between these two treatments was not significant. Generally, increasing of pressure and air flow rate increased the coverage 
on the canopy,  but the differences among all treatments were found not significant statistically. One of the lowest sedimentation on ground was 
measured at the treatment with 6 bar pressure and 30,473 m3 h-1 air flow rate. The conventional air-assisted sprayer produced worse deposits, 
coverage and canopy distribution uniformity than the unit.  Additionally, the conventional air-assisted sprayer produced higher ground sedimentation 
and airborne drift than the treatment with air deflector and spraying unit at 6 bar pressure and 30,473 m3 h-1 air flow rate conditions. Therefore, 
instead of conventional air-assisted sprayer, use of air deflector and spraying unit is suggested to achieve better application results. 
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Introduction
Chemical usage is one of the most important applications to 
increase agricultural production. Despite advances in science and 
technology, it cannot be possible to complete elimination of 
pesticide usage in agriculture since other control methods fail to 
show fast effect like chemical control. Although negative effects 
of pesticides on human and environmental health are well known, 
in some of the countries like Turkey, pesticides are applied without 
taking necessary cautions. Most of the sprayers, unfortunately, 
are not equipped with technological devices to improve 
application quality and reduce drift. 

Fox et al. 1 concluded that although new sprayers provide better 
coverage and reduce drift, especially farmers who make production 
for local markets cannot afford to buy another sprayer while their 
available sprayers are still in working conditions. In addition, 
farmers who have trees of different heights in their orchard prefer 
to buy conventional air-assisted sprayer instead of buying two 
different sprayers suitable for each crop. That is why they 
indicated that it takes several years to switch to newer 
technologies. For these reasons, effectiveness of conventional 
air-assisted sprayer has to be improved without decreasing field 
work rate. Viret et al. 8 conducted that although tunnel sprayers 
provided successful pesticide application, because of their low 
field work rate, tunnel sprayers are not favorable. The same 
researchers also indicated that conventional air-assisted sprayers 
provide good enough coverage rate, but these sprayers have 

higher drift amount. Because of higher application rate and higher 
working pressure, pesticide losses to unintended area relatively 
become more important for countries like Turkey since it may 
threat public health. 

Droplet size is one of the most important factors that affects 
pesticide application efficacy and drift. Small droplets, occurred 
especially because of high working pressure, easily go out of 
target as drift with the air movement provided by the sprayer fan. On 
the other hand, too big droplets cause poor coverage rate and also 
droplets larger than critical size break into smaller-size droplets 4.
These secondarily broken droplets increase amount of drift prone 
droplets.

Air speed and air flow rate are very important parameters to 
achieve successful application with air-assisted sprayers. At too 
low air speed, droplets cannot penetrate the canopy, while too 
high air speed causes poor application quality because of “wall 
effects” especially in vineyards 6.

Air-assisted sprayers are commonly used in vineyard pesticide 
application. Generally these sprayers are worked at pressure of above 
20 bar. However, working at low pressure reduces the drift amount 7.
Conventional air-assisted sprayers are not equipped with air 
deflectors, whereas, air deflecting increases penetration of pesticide 
and reduces drift 1.

The objectives of this study were to determine spraying 
characteristics of previously designed prototype air deflector and 
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spraying unit to reduce drift amount while increasing uniformity 
and coverage rates on the vineyard canopy. 

Materials and Methods
Experiments were conducted at trellis vineyard settled in Manisa 
province. Conventional air-assisted sprayer and prototype “air 
deflector and spraying unit” (ADSU) were used for pesticide 
application (Fig. 1). Working conditions for ADSU are given in 
Table 1. Conventional air-assisted sprayer without ADSU was 
used at 6 km h-1 travel speed, 30,473 m3 h-1 air flow rate and 12 bar 
pressure conditions, since these conditions provided best 
spraying results in the previously conducted indoor tests. 

Hollow cone nozzles with 1.2 mm orifice diameter, filter papers, 
water-sensitive papers, sodium fluoroscein (0.5 g l-1), microscope 

equipped with digital camera, image analyzing software, 
fluorometer, weather station and anemometer were used during 
the experiments and evaluations. 

In each trial, samples were taken from 16 separate points to 
measure distribution uniformity and drift. Water-sensitive papers 
(50 mm x 25 mm) and filter papers (100 mm x 100 mm) were placed to 
the same point adjacent to each other on the canopy (Fig. 2). To 
measure ground drift amount filter papers of 400 mm x 200 mm in 
size were placed in four different distances (3, 6, 12 and 24 m) 
downwind from the plant row. Airborne spray deposits were 
collected with 100 mm x 100 mm filter papers at elevations of 1, 2, 
3, 4, 5 and 6 m and 3 m downwind distance from the plant row. For 
this purpose, 6 m height tower with sample holders were used. 

All field target samples were collected 15 min after each spray 
and placed in clean glass bottles. In the laboratory, all samples 
were washed with distilled water for 3 min. Then, spray deposits 
were determined with fluorometer. Droplet sizes and coverage rates 
were determined from water sensitive papers by using microscope 
with digital camera and image analyzing software (Image Tool 
3.0). All field tests were repeated three times and data analyzed by 
one-way ANOVA and differences among means were determined 
with Tukey HSD test. All differences were determined at the 0.05 
level of significance. 

Results and Discussion
Results of meteorological measurements: During the experiments 
the air temperature and relative humidity were in the range of 23.1- 
29.7ºC and 40.9-55.6%, respectively. The air speed was 1.2 m s-1

and air direction in the range of ±9º from the perpendicular to the 
tractor direction. 

Canopy distribution uniformity and tracer deposit: Many of the 
researchers indicated canopy deposits, coverage and canopy 
distribution uniformity as the main criteria to evaluate succes of 
application 2, 3, 5. While sometimes all these criteria were used 
together, sometimes only one of them was used to show success 
of the application. Canopy deposits and canopy distribution 
uniformity values for ADSU are given in Table 2. 
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Figure 1. Schematic view of air deflector and spraying unit. 

Head angle (o) 
Pressure 

(Bar) 

Air flow rate 

(m3h-1) 

Top 30 – Bottom 60 

6 

12 

18 

24830 

30473 

36117 

Table 1. Sprayer working conditions for “air deflector 
and spraying unit” in the field experiments. 

Figure 2. Schematic view of experimental setup in the vineyard and sampling tower. 
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Overall, there were small but significant differences in the tracer 
deposits among the treatments (Table 2), whereas there were no 
significant differences among the air flow rates. Fox et al. 1

indicated that it is difficult for researchers who work with the air- 
assisted sprayer to show significant differences among the 
treatments because of the high variation caused by interaction 
between airflow and plant canopy. 

In the experiments, application rate increased with the working 
pressure. In order to make fair comparison, canopy deposit values 
were divided by suitable coefficient according to their liquid flow 
rate (1.404 for 6 bar, 1.813 for 12 bar and 2.106 for 18 bar). Deposit 
percentage also is given in Table 2 to provide better explanation 
of relations. As it is seen in Table 2, the relationship between air 
flow rate and deposit percentage showed differences according 
to working pressures. In other words, increasing of air flow rate 
did not change deposit percentage at 6 bar pressure, but at 12 and 
18 bar pressures average deposit percentages increased with the 
air flow rates. 

At the same air flow rate, differences in the deposits percentage 
provided by three different working pressures were not 
significant.When canopy distribution uniformity is concerned, 
treatment with 6 bar pressure and 30,473 m3 h-1 air flow rate 
provided the best uniform distribution on the canopy (Table 2). 
Treatment with 18 bar pressure and 36,117 m3 h-1 air flow rate 
provided the second best uniformity. 

Another criterion for successful spraying is coverage. To get 
successful spraying as high as possible coverage is desired 
especially against stationary insects and fungus. When grape 
moth (Lobesia botrana - Denis & Schiffermüller) is concerned, 
coverage given in Table 2 seemed enough, but the treatment with 
6 bar pressure and 24,830 m3 h-1 air flow rate provided very low 
coverage especially on the upper side of the canopy. This coverage 
cannot be assumed as successful spraying. For this air flow rate 
coverage increased with the increasing spraying pressure. This 
result was expected since increasing of pressure reduced the 
droplet sizes. On the other hand, at other two air flow rates results 
seem not convenient with this general statement. This case may 
be explained by using the relationship between air velocity and 
critical droplet sizes. If the droplet is larger than the critical droplet 

size for that air flow, pressure differentials occurred and these 
differences caused secondary broken of the droplets since air 
flows in parallel layers. That is why smaller droplet portion in 
spraying plume was increased. In other words, at 30,473 and 36,117 
m3 h-1 air flow rates, since droplets were generated at 6 bar pressure 
larger than the critical droplet size, smaller droplets could be 
occurred.

ADSU at 6 bar pressure and 30,473 m3 h-1 air flow rate provided 
better canopy deposits than conventional sprayer (Tables 2 and 
3). There are big differences also between deposition percentages. 
Having lower deposit percentage of conventional sprayer 
indicated that conventional sprayer caused much more drift 
amount. Conventional air-assisted sprayer provided worse canopy 
distribution uniformity (CV% = 52.12) than most of the treatment 
with ADSU. 

When we compared coverage given in Tables 2 and 3, it can be 
seen that ADSU provided better coverage. The differences in 
coverage between conventional sprayer and ADSU were 
significant at 0.05 α level. It was expected that results for 
conventional sprayer would have less deposit on the top of the 
canopy since there was no air deflecting. Higher drift amount 
obtained from conventional sprayer also supported this idea. 

Ground drift sedimentation: The drift sedimentation on the 
ground occurred after the application is given in Fig. 3. At 6 bar of 
application pressure, working with ADSU, under the vineyard 
canopy on the ground, the highest amount of drift occurred in the 
air flow rate of 30,473 m3h-1.  At the same pressure and at 3 m 
downwind distance from the plant row (1 row distance) the highest 
amount of drift sedimentation was measured at 36,117 m3h-1 air 
flow rate. When the pressure increased to 12 bar, while the highest 
drift sedimentation on ground under the canopy was measured at 
30,473 m3h-1 air flow rate, the highest drift sedimentation at 3 m 
downwind distance from the plant row was measured at 36,117 
m3h-1 air flow rate. At 18 bar application pressure, the highest 
amount of drift sedimentation under the canopy was produced by 
air flow rate of 36,117 m3h-1, while 30,473 m3h-1 air flow rate 
produced the highest sedimentation at 3 m downwind distance 
from the plant row. 

Air flow rate 

(m3 h-1) 

Pressure 

(Bar) 

Average deposits 

( g cm-2) 

Coverage 

(%) 

Deposit 

percentage (%) 

Canopy distri. 

Uniformity (CV) (%)

6 0.897±0.01 ABC* 69.89±0.65 A* 64.07±0.89 ABC* 38.04 

12 0.833±0.07 C 79.95±3.97 A 45.87±4.88 C 40.29 24830 

18 1.070±0.13 BC 85.46±8.06 A 50.76±8.92 BC 41.72 

6 0.943±0.07 ABC 84.10±9.08 A 67.12±5.09 ABC 6.24 

12 1.117±0.04 ABC 80.90±5.13 A 61.56±3.07 ABC 68.81 30473 

18 1.553±0.08 AB 83.80±9.30 A 73.82±5.71 AB 35.66 

6 1.173±0.04 A 97.11±2.89 A 83.69±2.78 A 55.83 

12 1.183±0.04 ABC 80.72±9.71 A 65.25±2.70 ABC 40.64 36117 

18 1.587±0.11 AB 85.23±8.29 A 75.29±7.71 AB 26.00 

Table 2. Tracer deposition on canopy targets, coverage, deposition percentage and distribution 
  uniformity values for air deflector and spray unit. 

* Values in the same column followed by the same letter are not significantly different (p < 0.05). 

Table 3. Tracer deposition on canopy targets, coverage rates, deposition percentage and 
 distribution uniformity values for conventional air-assisted sprayer. 

Air flow rate 

(m3 h-1) 

Pressure 

(Bar) 

Average deposits 

( g cm-2) 

Coverage 

(%) 

Deposit percentage 

(%) 

Canopy distri. 

uniformity (CV) (%) 

30473 12 0.433±0.04 67.63±4.04 30.76±2.88  52.12 
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Figure 3. Ground drift depositions for “air deflector and spraying unit” 
at various working conditions and conventional sprayer (µg.cm-2).
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According to the results of the statistical analyses, at the same 
application pressures and downwind distances, no significant 
differences were found in the ground drift between the air flow 
rates. In other words, the effects of air flow rates to the amount of 
drift on ground under the same conditions were not significant. 
On the other hand, at 6 m downwind distance, although no 
measured ground sedimentation was found at 24,830 m3h-1 air 
flow rate, drift sedimentation on ground was measured for both 
other air flow rates at the same downwind distance. This result 
proves that air flow rate has an increasing effect on the drift 
distance depending on the application pressure. This result fell in 
line with the previous study which stated that the increase in air 
velocity causes increase in drift loss 5.

When we compared the results obtained from the treatment 
with 6 bar pressure and 30,473 m3h-1 air flow rate with the 
conventional air assisted sprayer, the differences in ground drift 
sedimentation was found not significant statistically, but the 
conventional sprayer produced more ground deposits than ADSU. 

Airborne drift: The airborne drifts were given in Fig. 4. Working 
with ADSU there was no significant difference in the amount of 
drifts for three spraying pressures and air flow rates. Additionally, 
for 24,830 m3h-1 air flow rate, airborne drift deposits on 1 m elevation 
were measured only at 18 bar pressure.  Overall, the conventional 
air-assisted sprayer produced more airborne drift than ADSU at 6 
bar spraying pressure and 30,473 m3h-1 air flow rate. The difference 
between these two treatments was found significant. 

While the conventional sprayer provided airborne drift at 2 and 
3 m elevations from the ground, ADSU caused airborne drift 
sedimentation only at 1 m elevation. Since there was no air 
deflector on the conventional sprayer, droplets produced by the 
nozzles go off target with the air movement provided by the sprayer. 
Deposit percentage on the plant canopy also supported this idea 
as deposit percentage of the conventional sprayer was rather 
lower than the unit. 

Figure 4. Airborne drift depositions for air deflector and spraying unit at 
various working conditions and conventional sprayer (µg.cm-2). 
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Conclusions
Field experiments conducted for this study demonstrate that 
prototype air deflector and spraying unit produced more canopy 
deposit than conventional sprayer. However, the differences in 
coverage among the treatments were found not significant 
statistically. The unit also improved the canopy distribution 
uniformity while providing less drift. Moreover, off target losses 
from conventional sprayer were significantly higher than losses 
from air deflector and spraying unit. 

These experiments indicate that air deflecting increases the 
application quality and reduces the drift. However, further studies 
are needed to clarify effects of relationship between air flow rate 
and nozzle output on spraying quality and efficacy. 


