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“With new high-density orchards that 
have narrow rows and canopies, 
traditional orchard airblast sprayers 
have excessive air velocities and volumes 
which results in reduced deposition on 
leaves and high spray drift.  Reducing fan 
speed or restricting air intake, especially 
early in the season, are simple strategies 
that result in increased deposition and 
reduced drift.”
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As more growers move towards modern, high-density 
planting systems in order to improve yield and orchard 
management, there is a need to match the sprayer out-

put to the modern 
canopy. The close-
ly planted trees 
of today’s mod-
ern orchard with 
their narrow rows 
require totally dif-
ferent operating 
parameters com-
pared with the 
large, traditional 
tree canopies of 
older orchards. 
Unfortunately, 

many growers are still using older sprayers, designed for large 
trees in wide rows rather than modern sprayers for the smaller 
manicured trees grown in narrow rows. Growers are well aware 
of the need to change liquid application volume (rate/acre) for 
modern plantings but too often forget to change the speed and 
volume of air – this results in poor coverage, poor spray distribu-
tion and a large plume of spray passing through the trees. 
 In many orchards canopy sprayers give rise to concern as 
they frequently create drift, which reduces efficiency, affects off-
target crops, and creates environmental pollution and operator 
contamination. Most growers know that there are three factors 
which affect application rate: forward speed, nozzle size, and 
system pressure but often overlook the factors which help get 
the spray onto the target: airflow, liquid flow, forward speed, and 
canopy structure. Progress lies in a better understanding of the 
factors involved in getting the spray from the tank to the target. 
Adjusting both airflow and liquid flow to match the growing 
canopy as the season progresses is the key. 
 To assist growers in understanding airflow requirements, 
research at Cornell University has focussed on developing 
technology, which matches airflow with the developing canopy. 
Only a very few sprayer manufacturers have designed sprayers to 
match the reduced canopy volume resulting from the adoption of 
shorter trees, narrower canopies, and the more dense plantings 
of today’s modern orchards and vineyards.  
 In previous articles, I have discussed how growers could im-
prove deposition and reduce drift by using air induction nozzles 
(Landers and Schupp, 2001) and reducing the tractor Power Take-
off (PTO) speed (Landers and Farooq (2004). Both techniques 

have proven to be extremely valuable over the years. A growing 
amount of research has been conducted into the effects of air-
flow emitting from airblast sprayers, primarily due to the large, 
highly visible plume of spray, which not only drifts off-target but 
also presents a visible sight to the passer-by. Landers and Farooq 
(2004) observed that where the air goes the droplets will surely 
follow, particularly in early to mid season canopies when little 
or no leaves maybe present. Earlier research by Landers (2002) 
showed that directing airflow into the canopy via deflectors 
or towers could improve deposition by 30%. Cross et al (2003) 
described how decreasing the airflow generally increased mean 
deposits close to the sprayer and decreased those in zones furthest 
away from the sprayer in dwarf and semi dwarf trees whilst the 
lowest airflow significantly reduced drift by 55-93%. 
 Airflow is an extremely important part of the application 
process, and excessive air speed and volume is responsible for 
spray drift and poor deposition. The purpose of the air is to carry 
the droplets from the nozzles to the target, as well as create a small 
amount of turbulence within the canopy to aid penetration. Too 
much air blows the spray through the canopy onto the ground or 
into the air (drift) or dislodges the droplets previously deposited 
into the canopy when the other side of the row is sprayed.  Many 
canopy sprayers use some form of air assistance from fans, which 
are frequently too large for modern, well-pruned training systems; 
the large diameter fan creates too much air for the target canopy. 
Ideally air volume should match the canopy volume. Canopies 
also vary along the row; sometimes trees are missing, presenting 
no resistance to air movement, resulting in air traveling through 
the target row and away. 

Methodology
Trials with various types of orchard and vineyard sprayers have 
been conducted at Cornell University for the past decade to 
study how changes in the operating parameters of the canopy 
sprayer affect trajectory of the droplets as well as speed, volume 
and direction of the air.  
 In the field trials described in this paper, deposition on the 
fruit and leaves was measured by adding a determined quantity 
of Pyranine fluorescent tracer or Tartrazine into the sprayer tank. 
Quality of application was measured by picking leaves and fruit 
from specific areas of the trees. Drift was measured using pipe 
cleaners attached to tall metal poles.  The extraction of deposited 
tracer on the fruit, leaves and pipe cleaners is determined by 
rinsing them with de-ionised water and the rinsate collected and 
then analysed for concentration or fluorescence. Results are ex-
pressed in terms of deposition by leaf surface (micrograms/cm2), 
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or deposition by apple area (micrograms/cm2), or deposition on 
pipe cleaners (ml of dye/L water/ pipe cleaner) for the later drift 
studies. Full details of the procedures used can be found in the 
reference Landers (2012).

Results
Changing the fan speed will reduce the airflow.  This control 
is very beneficial with early-season spraying, as the intended 
target is much less developed and is easier to reach than in late-
season.  Research shows that a low to medium fan speed deposits 
pesticides better than a high fan speed with the added benefit of 
reducing off-target drift (Landers and Farooq, 2004).  Field tri-
als were conducted using an Ag Tec 300 LP sprayer operating at 
two fan speeds, 2076 rpm (540 rpm PTO) and a 25% reduction 
in speed at 1557 rpm (405 rpm PTO). The trial was conducted 
in apple c.v Crispin (Mutsu) in full canopy. Reducing fan speed 
by 25% with a slower PTO speed resulted in 75% less drift. Some 
manufacturers adjust the airflow by changing fan blade pitch or 
altering hydraulic or electricity flow to multi-head fan sprayers. 
Fan speed can also be controlled by the sprayer gearbox, using 
a lower PTO speed (beware of loss of engine torque), or driving 
the fan with a hydraulic or electric motor (which allows more 
variable speed control).  
 Many modern airblast sprayers are fitted with a gearbox 
but unfortunately they offer only slow, fast and neutral.  Often 
slow speed is only about 20% slower than fast speed. The slow-
est setting is frequently still too fast for most modern canopies, 
particularly in early to mid season applications. Growers should 
assess air volume requirements by observing spray penetration 
into the canopy and the amount of spray going up and over or 
through the canopy.  
 Using a hydraulic motor to drive the sprayer fan allows the 
operator to regulate the air velocity leaving the sprayer. At Cor-
nell University we retro-fitted an axial fan airblast sprayer with a 
hydraulic motor and a hydraulic control valve, fitted in the tractor 
cab, to allow the operator to infinitely vary the fan input speed 
from 0 rpm up to 540 rpm. The operator can reduce air speed 
during early to mid season applications and increase it for full 
canopy applications. Air speed and the subsequent spray plume 
can be adjusted when approaching the end of a block of trees, 
or near neighboring properties, drift-sensitive crops, roads or 
watercourses.  Care should be taken to ensure the tractor has a 
high enough oil flow to drive the hydraulic motor(s) and the ability 

to successfully cool the oil. The Australian sprayer manufacturer, 
Cropland sells tower sprayers fitted with hydraulic motor driven 
fans. The small fans are mounted near nozzles, allowing for very 
directional spraying and adjustable air volume and airspeeds. 
	 Single-sided spraying in orchards. A sprayer from Vine 
Tech Equipment, Prosser, WA based upon the Croplands Quan-
tum Mist® multi-head sprayer (Croplands, Adelaide, AUS) was 
used during a season-long trial at Lamont Fruit Farm Inc., Al-
bion, NY.  The sprayer utilized six Sardi® fans (three on each side) 
(Figure 1). Deposition trials were conducted along a single row 
at 4.5 mph in an apple orchard during 2008.  The sprayer was set 
to apply 65 GPA; airflow was adjusted to keep the spray plume 
within the narrow canopy. The variety was Acey Mac on a super 
spindle trellis. Alternate rows (every other row) were sprayed, 
the trees receiving spray from one side only, all season-long.
 In 2009 there were reductions in spray deposition on the side 
opposite of the sprayer during single-sided spraying, fruit quality 
was unaffected (Table 1). However, disease and insect inspections 
throughout the season showed no difference between every row 
and alternate spraying. Pack-out quality remained high. In the 
2010 growing season we tested the same sprayer on the same trees 
and had similar results to our 2009 deposition trials.  The only 
difference between the two seasons was that we were one month 
later in 2010, plus the season was 14 days earlier approximately.

Figure	1.	 Croplands	SARDI	tower	sprayer	used	for	alternate	row	spraying.

 The data show a major difference in deposition occurs as the 
spray only comes from one direction; there was an average a 50% 
difference on the leaves and 64% on the fruit. For four seasons 
Rod Farrow at Lamont Fruit Farms has sprayed from one side of 
the narrow tree canopy without any changes in pack-out quality. 
The advantages of single-sided spraying include halving the travel 
time per acre and its effect on labour and tractor requirements 
plus improved timeliness of applications. This system appears to 
work well in a well-manicured narrow super spindle orchard.
 Air volume adjustment.  Outfitting the sprayer fan with a 
control baffle to restrict either the amount of air intake or the air 
outflow is also an option in order to reduce drift. Limiting airflow 
on the air intake is attainable by using a “Halsey doughnut” or 
air restrictor system (Figure 2). Simple doughnut shaped wooden 
boards or metal plates are made and fitted to the air intake and 
the intake hole is changed as the canopy develops. The air veloc-
ity on both sides of the sprayer was highest without a doughnut, 
velocity decreasing when decreasing the air intake (Landers and 
Farooq 2004a). The use of “Halsey doughnuts” to restrict airflow 
at the fan intake can result in up to 30% improvement in canopy 
deposition
 A number of modern sprayers are fitted with adjustable pitch 
propellers to provide a variable airflow. Operators can manually 

Table	1.	 Percentage	difference	of	tracer	deposition	(ug/cm2)	between	each	
side	of	the	tree.	One-sided	spraying	with	a	Cropland	sprayer.

	 %	difference	between	each	side	of	tree
	 of	tracer	deposits	(ug/cm2	)

	 	 Leaves	 Fruit

Location	on	tree	 2009	 2010	 2010

Top 76.4 56.5 62.5
Middle 69.0 54.0 69.5
Bottom 50.5 49.8 59.1
Centre 63.4 36.0 -
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Figure	2.	 Halsey	doughnut	fitted	to	the	fan	of	a	tower	sprayer,	showing	fine	
hollow	 cone	 droplets	 on	 the	 right	 and	 the	 larger	 air	 induction	
droplets	on	the	left.

adjust blade pitch either by turning a handle or altering individual 
blades.  Care must be taken when adjusting individual blades to 
ensure that they are all the same pitch.  It is important to note 
that as pitch alters, so does power requirement – the greater 
the pitch, the more air the blades are collecting, so the power 
requirement increases.
 Deposition and drift were examined in an apple orchard 
using a Rears tower air blast sprayer (Rears Manufacturing Co. 
Eugene, OR, USA) fitted with adjustable louvres to control the air 
outlet, Landers and Muise (2010) (Figure 3). The tower had three 
vertical louvers, allowing the operator to manually adjust the air 
outlet according to canopy conditions.  A trial was conducted in 
an orchard belonging to cooperating grower, Dave Kast Farms, 
Albion, NY. In Treatment 1 we adjusted the louvres to keep the 
spray plume within the canopy and spray was applied from one 
side of the canopy only. The test block was comprised of ‘Fortune’ 
apple trees in rows averaging 18ft apart. The trunks were spaced 5 
ft apart within each row and averaged 11 ft in height. The sprayer 
was operated at an application rate of 56 gpa and traveled at a 
forward speed of 4.5 mph.
 Adjusting the louvers to minimize the air outlet resulted in 
good drift reduction (Figure 4). Further reductions are possible 
by controlling the louver but it is often difficult to see the spray 
plume passing through the trees whilst driving a large sprayer in 
an orchard of semi-dwarf trees. In the future sensors which can 
measure tree density in real-time, such as laser, ultra-sound or 
LIDAR will alleviate this problem. 
 At Cornell University we have developed, tested and patented 
a novel technique to adjust airflow leaving the sprayer from ei-
ther tower sprayers or traditional airblast sprayers (Figure 5). An 
electric actuator moves an adjustable louvre allowing the opera-
tor to change air volume to match the changing canopy while 
the tractor and sprayer move along the row. Since early season 
applications only require a small amount of air – there is hardly 
any target to intercept the spray, why have air traveling at 120-190 
mph towards such a small target? As the season progresses to 
full canopy more air is needed, although different trellis designs 
and varieties also dictate different air volumes. We tested them 
via a number of field trials in vineyards in 2010 and 2011.
 Tables 2 and 3 show the dramatic improvement we can make 
by such a simple airflow adjustment device. Table 2 shows that 
closing down air volume in early season resulted in a reduction of 

Figure	3.	 Drift	and	deposition	trial	with	Rears	tower	sprayer	with	adjustable	
louvers.

Figure	4.		 Spray	drift	reduction	using	adjustable	air	outlet	louvers	on	a	Rears	
tower	sprayer.

Figure	5.	Cornell	adjustable	air	louver	fitted	to	an	axial	fan	FMC	sprayer

drift by 71% and an increase in deposition of 82% in grapevines. 
Our results also shows the need to maintain good airflow during 
full canopy to ensure penetration and the danger of closing down 
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the louver too much and reducing deposition. Table 3 shows 
much better deposition occurred when the airflow was reduced. 
In Spring 2011 we obtained a research grant from the NY Apple 
Research and Development Program to study the effects of an 
adjustable louver on three traditional axial fan orchard sprayers. 
At the time of writing the three louvers have been fabricated and 
one has been installed. Field trials will begin next spring.

Current and Future work 
As can be seen, one of the problems with airflow adjustment 
is knowing exactly how much to adjust the louvers to keep the 
spray within the canopy. We have a major research project with 
USDA SCRI where we have developed an autonomous tractor and 
sprayer. The tractor senses tree density and the sprayer adjusts 
both liquid volume and airflow according to tree density. This is 
an expensive, sophisticated solution to the airflow conundrum. 
At Cornell University we are also currently working on an experi-
ment to study the filtration effect of the canopy at different growth 
stages in order to advise growers on typical airflow requirements 
of different canopies. In line with the trials with single-sided 
spraying, we hope to be able to determine the optimum airspeeds 
and volumes for different trellis systems. 
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Table	2.		 Percentage	drift	reduction	and	deposition	increase	of	tracer	dye	in	a	V.vinifera	cv.	Vignole	
vineyard	with	an	FMC	tower	sprayer*.

	 Early	season	 Mid	season	 Late	season

Louvre	position	 Fully	open	 Adjusted	 Fully	open		 Adjusted	 Fully	open		 Adjusted

Drift reduction%  71  37  18 
Deposition increase%  82  55 14 

*Developed	from	Landers	and	Muise	(2010).		

Table	3.		 Deposition	of	tracer	dye	in	a	V.	vinifera	cv.	Chardonnay	vineyard,	
May	2011	with	an	Osella	tower	sprayer.

	 Deposition	ug/cm2

	 	Louvre		 Louvre	 Louvre	 Louvre
Louvre	position:	 Adjusted		 Fully	Open	 Adjusted	 Fully	Open

Location	on	vine:	 Left	 Right

Top 0.237 0.225 0.298  0.191
Middle 0.194 0.125 0.216 0.232
Bottom 0.201 0.156 0.276  0.264
Average 0.211 0.169 0.264 0.229


