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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 atrellisvineyard. 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 m® h.
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 m® h' 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
sampl es, the difference between these two treatments was not significant. Generally, increasing of pressure and air flow rateincreased 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 m® h! 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 m® h 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 advancesin science and
technology, it cannot be possible to complete elimination of

pesticide usage in agriculture since other control methodsfail to
show fast effect like chemical control. Although negative effects
of pesticideson human and environmental health arewell known,
insome of the countrieslike Turkey, pesticidesare applied without
taking necessary cautions. Most of the sprayers, unfortunately,
are not equipped with technological devices to improve
application quality and reducedrift.

Fox et al. ! concluded that although new sprayers provide better
coverageand reduce drift, especially farmerswho make production
for local markets cannot afford to buy another sprayer whiletheir
available sprayers are till in working conditions. In addition,
farmerswho havetrees of different heightsin 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 hasto beimproved without decreasing field
work rate. Viret et al. & conducted that although tunnel sprayers
provided successful pesticide application, because of their low
field work rate, tunnel sprayers are not favorable. The same
researchersalsoindicated that conventional air-assisted sprayers
provide good enough coverage rate, but these sprayers have
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higher drift amount. Because of higher application rate and higher
working pressure, pesticide losses to unintended arearelatively
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 dropl ets, occurred
especialy because of high working pressure, easily go out of
target asdrift withtheair 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 smaler-size droplets .
These secondarily broken dropl etsincrease 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 invineyards®.

Air-assisted sprayers are commonly used in vineyard pesticide
gpplication. Generdly these sprayersareworked at pressure of above
20bar. However, working at low pressurereducesthedrift amount”.
Conventional air-assisted sprayers are not equipped with air
deflectors, wheresas, air deflecting increases penetration of pesticide
and reducesdrift 1.

The objectives of this study were to determine spraying
characteristics of previously designed prototypeair deflector and

215



spraying unit to reduce drift amount whileincreasing uniformity
and coverage rates on the vineyard canopy.

Materialsand M ethods

Experimentswere conducted at trellisvineyard settled in Manisa
province. Conventional air-assisted sprayer and prototype “air
deflector and spraying unit” (ADSU) were used for pesticide
application (Fig. 1). Working conditionsfor ADSU aregivenin
Table 1. Conventional air-assisted sprayer without ADSU was
used at 6 km ht travel speed, 30,473 méhtair flow rate and 12 bar
pressure conditions, since these conditions provided best
spraying results in the previously conducted indoor tests.

Hollow cone nozzleswith 1.2 mm orifice diameter, filter papers,
water-sensitive papers, sodium fluoroscein (0.5 g ), microscope

Adjustible angle head

Figure 1. Schematic view of air deflector and spraying unit.

Table 1. Sprayer working conditionsfor “air deflector
and spraying unit” inthefield experiments.
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Vineyard Plants Towers
Filter papers

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
measuredistribution uniformity and drift. Water-sensitive papers
(50mmx 25 mm) andfilter papers(100 mmx 100 mm) wereplaced 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 mmin
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 papersat elevationsof 1, 2,
3, 4,5and 6 mand 3 m downwind distance from the plant row. For
this purpose, 6 m height tower with sample holders were used.

All field target sampleswere collected 15 min after each spray
and placed in clean glass hottles. In the laboratory, al samples
werewashed with distilled water for 3 min. Then, spray deposits
were determined with fluorometer. Dropl et sizesand coveragerates
were determined from water sensitive papers by using microscope
with digital camera and image analyzing software (Image Tool
3.0). All field testswere repeated three times and dataanalyzed by
one-way ANOVA and differencesamong meanswere determined
with Tukey HSD test. All differenceswere determined at the 0.05
level of significance.

Resultsand Discussion
Results of meteorol ogical measurements. During the experiments
theair temperature and relative humidity wereintherange of 23.1-
29.7°C and 40.9-55.6%, respectively. Theair speedwas1.2ms?
and air direction in therange of £9° 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 asthe main criteriato evaluate succes of
application % 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 valuesfor ADSU aregivenin Table 2.

Bm

Figure 2. Schematic view of experimental setup in the vineyard and sampling tower.
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Overall, therewere small but significant differencesinthetracer
deposits among the treatments (Tabl e 2), whereas there were no
significant differences among the air flow rates. Fox et al. !
indicated that it isdifficult for researcherswho 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 rateincreased with theworking
pressure. In order to makefair comparison, canopy deposit values
weredivided by suitable coefficient according to their liquid flow
rate (1.404 for 6 bar, 1.813for 12 bar and 2.106 for 18 bar). Deposit
percentage also isgiven in Table 2 to provide better explanation
of relations. Asit isseenin 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
arflow rates.

Atthesameair flow rate, differencesin 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 m® ht air flow rate
provided the best uniform distribution on the canopy (Table 2).
Treatment with 18 bar pressure and 36,117 m® h 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
especialy against stationary insects and fungus. When grape
moth (Lobesia botrana - Denis & Schiffermiller) is concerned,
coveragegiven in Table 2 seemed enough, but the treatment with
6 bar pressure and 24,830 m® ht air flow rate provided very low
coverage especially onthe upper side of the canopy. Thiscoverage
cannot be assumed as successful spraying. For thisair 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 ratesresults
seem not convenient with this general statement. This case may
be explained by using the relationship between air velocity and
critical droplet sizes. If thedroplet islarger than thecritical droplet

size for that air flow, pressure differentials occurred and these
differences caused secondary broken of the droplets since air
flowsin parallel layers. That is why smaller droplet portion in
spraying plumewasincreased. In other words, at 30,473 and 36,117
mehtair flow rates, sincedropletswere generated at 6 bar pressure
larger than the critical droplet size, smaller droplets could be
occurred.

ADSU at 6 bar pressure and 30,473 m® h' air flow rate provided
better canopy deposits than conventional sprayer (Tables 2 and
3). Therearebig differences al so 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 thetreatment
withADSU.

When we compared coverage givenin Tables2 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 o level. It was expected that results for
conventional sprayer would have |ess deposit on the top of the
canopy since there was no air deflecting. Higher drift amount
obtained from conventional sprayer also supported thisidea.

Ground drift sedimentation: The drift sedimentation on the
ground occurred after theapplicationisgiveninFig. 3. At 6 bar of
application pressure, working with ADSU, under the vineyard
canopy on the ground, the highest amount of drift occurred inthe
air flow rate of 30,473 m*h. Atthe same pressureand at 3 m
downwind distance from the plant row (1 row distance) the highest
amount of drift sedimentation was measured at 36,117 m*h! air
flow rate. When the pressure increased to 12 bar, while the highest
drift sedimentati on on ground under the canopy was measured at
30,473 méhtair flow rate, the highest drift sedimentation at 3 m
downwind distance from the plant row was measured at 36,117
méhtair flow rate. At 18 bar application pressure, the highest
amount of drift sedimentati on under the canopy was produced by
air flow rate of 36,117 m*h?, while 30,473 m*h? air flow rate
produced the highest sedimentation at 3 m downwind distance
fromtheplant row.

Table 2. Tracer deposition on canopy targets, coverage, deposition percentage and distribution

uniformity valuesfor air deflector and spray unit.

Air flow rate Pressure  Average deposits Coverage Deposit Canopy distri.
) (Bar) (ug cm?) (%) percentage (%) Uniformity (CV) (%)

6 0.897+0.01 ABC*  69.89+0.65 A*  64.07£0.89 ABC* 38.04
24830 12 0.833+0.07 C 79.95+3.97 A 45.87+4.88 C 40.29

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

18 1.55340.08 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
36117 12 1.183£0.04 ABC 80.72+9.71 A 65.25+£2.70 ABC 40.64

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

* 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 valuesfor conventional air-assisted sprayer.

Air flow rate  Pressure Average deposits Coverage Deposit percentage Canopy distri.
(m*hh (Bar) (ug cm?) (%) (%) uniformity (CV) (%)
30473 12 0.433+0.04 67.63+4.04 30.76+2.88 52.12
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Figure3. Ground drift depositionsfor “air deflector and spraying unit”
at variousworking conditionsand conventional sprayer (g.cn?).

According to theresults 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 ratesto 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 m*ht 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. Thisresult fell in
line with the previous study which stated that the increasein air
velocity causesincreasein drift [oss®.

When we compared the results obtained from the treatment
with 6 bar pressure and 30,473 m°ht air flow rate with the
conventional air assisted sprayer, the differencesin ground drift
sedimentation was found not significant statistically, but the
conventional sprayer produced more ground depositsthan ADSU.

Airbornedrift: Theairbornedriftsweregivenin Fig. 4. Working
with ADSU there was no significant difference in the amount of
driftsfor three spraying pressuresand air flow rates. Additionally,
for 24,830 m*h air flow rate, airbornedrift depositson 1 meevation
weremeasured only at 18 bar pressure. Overall, the conventional
air-assisted sprayer produced moreairbornedrift than ADSU at 6
bar spraying pressureand 30,473 m*h* air flow rate. Thedifference
between these two treatments was found significant.

Whilethe conventional sprayer provided airbornedrift 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
nozzlesgo off target with the air movement provided by the sprayer.
Deposit percentage on the plant canopy also supported thisidea
as deposit percentage of the conventional sprayer was rather
[ower than the unit.
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Figure 4. Airborne drift depositions for air deflector and spraying unit at

variousworking conditionsand conventional sprayer (ug.cm?).

Conclusions

Field experiments conducted for this study demonstrate that

prototype air deflector and spraying unit produced more canopy
deposit than conventional sprayer. However, the differencesin
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 reducesthedrift. However, further studies
areneeded to clarify effectsof relationship between air flow rate
and nozzle output on spraying quality and efficacy.
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