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Precision Spraying in the Orchard and Vineyard: 
Measuring Canopy Density
Tomas Palleja Cabre and Andrew Landers 
Cornell	University,	NYSAES,	Geneva,	NY	14456

“ We are developing real-time sensors to 
monitor changes in canopy volume and 
density  providing information, which 
could be used to control air and liquid 
flow from the sprayer to the crop.”

Knowing how much water to apply to trees and vines has, for 
a long time, been based upon tree row volume in the case 
of orchards and good old-fashioned guesswork in the case 

of vineyards. 
    Many pesticide 
sprays used in or-
chards have either 
the product rate 
per acre or per 100 
gallons of water on 
the label, (Agnello 
2014). The actual 
amount of water to 

be used is based upon tree row volume (TRV), a simple formula de-
veloped in the 1960’s. TRV = the tree canopy width (feet) multiplied 
by tree height (feet) multiplied by the square feet in an acre divided 
by distance between the rows. Growers then use another formula to 
calculate the amount of spray to treat 1000 cubic feet of tree. Often, 
in a desire to reduce water volumes and improve timeliness, a con-
centrate application is made. 
 In the case of vineyards, the product rate per acre is the norm 
(Weigle and Muza 2014). The amount of water to use with the product 
is decided by the individual grower. 
 There are numerous row widths, varieties, spacing within the 
row and variations in canopy shape and style from spindle trellises 
to traditional large trees, from VSP canopies to GDC and Scott-
Henry trellises. Even for the same orchard and vineyard, canopy 
characteristics (canopy height, width and density) change with the 
growing season. It is very important to apply the correct amount of 
spray as over-dosing at early growth stages and under-dosing at the 
later stages, can result in inadequate protection.  Incorrect applica-
tion may result in pest resistance and poor insect/disease control.  
As many growers progress towards modern planting schemes, the 
application rate/volume debate continues.
 A tour of orchards and vineyards shows large variations in ap-
plication rate/acre, even when climate, disease and insect pressures 
are similar. Adjusting forward speed, air and liquid flow to match 
the growing canopy as the season progresses is the key. As engineers 
we wish to develop an accurate sensor system to determine not only 
canopy volume but also canopy density. Previous papers, Landers 
(2011) and Llorens Calveras et al (2013) showed how electronics 
can be used to adjust both air and liquid volume in real-time using 
ultrasonic sensors to measure canopy volume (Tree Row Volume). 
Using sensors to monitor variations in canopy density is the next 
challenge. 

This work was partially supported by the New York Apple Research and Development Program

Hypothesis 
 An important goal for spraying systems would be real time pa-
rameter adjustment (air flow, pressure, active nozzles, etc.) according 
to the target density, with the aim to keep the droplets on the canopy, 
improving the deposition and avoiding drift (Landers, 2010). The 
objective of this works is to validate a method to estimate the canopy 
density in real time, based on the following hypothesis (Figure 1):
1) The ultrasound echoes and the canopy density are proportional. 

The greater the density, the more echoes.
2) The air flux absorption and the canopy density are proportional. 

The greater the density, the less air flux. 
 Combining both hypothesis it is concluded that the air speed 
measured by the anemometer and the echoes measured by the ultra-
sound sensor should be correlated with the vegetation density; the 
greater the density the more echoes and less air flux speed. 

Materials and Methods
 The canopy sprayer used in this work is the Berthoud S600EX 
axial fan sprayer (Berthoud, Cedex, France), (Figures 2 and 3). The 
sprayer incorporated a GPS (Garmin), a set of 4 ultrasound sensors 
(Max Sonar), a set of 4 anemometers (Windmaster Pro, Gill Industries 
Ltd, Hampshire, UK) and a louvre system (Landers 2011), which 
allows air volume to be infinitely adjusted from 0 to 100%. The 
sprayer was also equipped with a 8.2 feet (2.5 m) high and 8.5 feet 
(2.6m) long gantry to attach the anemometers on the other side of 
the target row. The ultrasound sensors were attached on the front of 
the sprayer, and the anemometers on the back, in line with the fan. 
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Figure 1. Schematic hypothesis diagram 
 
 

Figure	1.	Schematic	hypothesis	diagram	.
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The distance between both sets of sensors was 7.2 feet (2.2 m) and 
they were both distributed at 2.1 feet (0.65), 3.6 feet (1.10), 5 feet 
(1.55) and 6.6feet (2m) height from the ground. 
 Canopy Sensing. The ultrasound sensor (Figure 4) used in this 
work was the XL-MaxSonar MB7092. This model has one pin (pin 
2) to obtain the analog voltage envelope of the acoustic waveform 
and another one (pin 4) to switch it on/off. Using these pins, plus 
power (5v) and ground, it is possible to send an ultrasonic pulse and 
record its echoes in a range of interest (ROI). 
 Airflow Sensing. The sonic anemometers were mounted on a 
gantry, on the opposite side of the row to the sprayer. Airflow (air 
speed and direction) coming through the canopy could be detected 
by the anemometers and provided a guide to the density or porosity 
of the canopy. The more air detected, the more porous the canopy 
and vice-versa.
 The Trial Plots. The test plot for the airflow studies consisted 
of V. vinifera cv. ‘Vignole’. The vines were spaced 5 feet (1.52m) 
apart within each row and averaged 7 feet (2.13m) in height; row 
width was 7.9 feet (2.4m).
 The apple tree test plot consisted of Malus X domestica seedling 

Figure	2.		 Modified	 sprayer	 and	 sensors	 distribution.	 The	 ultrasound	
sensors	are	highlighted	by	a	blue	rectangle	and	the	anemometers	
by	a	yellow	rectangle.	

 3 

 
 

 
Figure 3. Modified sprayer and sensors in the trial orchard 
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Figure 4. 
 

Figure	3.		 Modified	sprayer	and	sensors	in	the	trial	orchard.

Figure	4.	 XL-MaxSonar	 MB7092	 ultrasound	 sensor	 plus	 protection	
waterproof	case.	

Figure	5.		 Comparison	 of	 the	 signal	 (volts)	 from	 each	 side	 of	 the	 row	 of	
trees
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Figure 5. Comparison of the signal (volts) from each side of the row of trees 
 

population. The trees were spaced 2.6 feet (0.8m) apart within each 
row and averaged 6.5 feet (2.0m) in height; row width was 16 feet 
(4.9m). Apple trees and grapevine plots were based at NYSAES, 
Cornell University, Geneva, New York.
 In all field experiments, the sprayer fan was working at 540 
rpm and the louver was fully open, generating an average air speed 
of 7.319 m/s at 0.8 m from the fan center 

Results and Discussion
 Figure 5 shows the similarity in the signal received from the 
left and right-hand side of the tree rows at various distances along 
the row, note the symmetry. In the case of the grapevines we found 
the south and west side of the canopy to be a little denser due to the 
sunshine affecting canopy growth.
 Figures 6 & 7 show the effect of canopy growth over the growing 
season, the reflected sound (presenting itself as voltage) increasing 
as the canopy density increases. This demonstrates that the sensors 
were detecting changes in canopy density from sparse canopy in 
early season to dense in later season. A hailstorm of 30th July was 
devastating for fruit quality and shredded leaves, but the sensor 
system detected the shredded leaves and the more open canopy, and 
this is clearly demonstrated in the reduced voltage received. 
 The use of the sonic anemometers to detect changes in airflow 
and thus changes in density was not a success. We were able to detect 
airflow in general but not discrete differences in airflow. This may 
have been due, in part, to difficulties of the narrow anemometer in 
detecting the wide, disrupted air flux coming through the canopy. The 
direction of the air flux also changed as the canopy developed. We 
found no correlation between our airflow figures and the ultrasonic 
sensors.
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Figure 2. Modified sprayer and sensors distribution. The ultrasound sensors are 
highlighted by a blue rectangle and the anemometers by a yellow rectangle.  
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Figure 6. Signal from left and right side of the tree row through the growing season. 
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Figure 7 Signal from left and right side of the vine row through the growing season Figure	6.		 Signal	 from	 left	 and	 right	 side	 of	 the	 tree	 row	 through	 the	

growing	season.
Figure	7.		 Signal	 from	 left	 and	 right	 side	 of	 the	 vine	 row	 through	 the	

growing	season

 Future research work can be carried out linking the density 
sensors with our previous research work on automatic air and liquid 
flow controllers.

Conclusions
1. The simple ultrasonic sensors detected changes in canopy 

development over the growing season. 
2. The voltage received indicated changes in density. 
3. The sensitivity of the sensors is such that it detected the effect 

of the hailstorm on the canopy.
4. The results are very encouraging and indicate that inexpensive 

sensors can be used to determine canopy density. 
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