
Aspects of Applied Biology 137, 2018
International Advances in Pesticide Application

191

Evaluating the usability of a leaf wetness sensor as a
spray tech monitoring tool

By DIETER FOQUÉ1, DONALD DEKEYSER1, JAN LANGENAKENS2 and 
DAVID NUYTTENS1

1Institute for Agricultural and Fisheries Research (ILVO), Burg. van Gansberghelaan 115,
Box 1, 9820 Merelbeke, Belgium

2AAMS Salvarani BVBA, Sint Barbarastraat 34, 9990 Maldegem, Belgium
Corresponding Author Email: David.Nuyttens@ilvo.vlaanderen.be

Summary

Spray deposition and coverage are two important factors to assess the in-field and off-
target performance of spray equipment. Over the years, a wide variety of ways to assess 
these parameters has been developed, but most of them are time consuming and expensive. 
In this study, we evaluated the potential of using a commercially available leaf wetness 
sensor to gather real time spray deposition and coverage data. To check the sensitivity and 
accuracy of the sensor, two types of experiments were executed. A piezoelectric droplet 
generator was used to evaluate the smallest detectable droplet size and its repeatability. 
Spray trials were done using the automated ILVO spray track, testing different spray 
volumes and nozzle types. Results of the spray trials were compared with water sensitive 
paper measurements. The results of these experiments were quite promising.
There was a good correlation between the sensor output signal (V) and spray coverage 

(%). In addition, effects of spray volume and droplet size were observed. However, 
additional experiments testing other nozzles at different application rates are needed to 
confirm these findings. Nevertheless, it looks like this type of sensor has the potential to 
assess spray results in a canopy. If further improvements are made, the sensor might be 
usable to measure deposition on-line.
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Introduction

Spray deposition and coverage are two important factors to assess the in-field and off-target 
performance of spray equipment. Over the past 60 years, a wide variety of methods to assess 
spray deposition and coverage have been used (Foqué et al., 2014a; Palleja et al., 2016). Such 
experiments, however, are labour intensive, time consuming and expensive. In most cases, 
different collectors are positioned in the area of interest for every spray event, sprays are made 
(with water, tracers or an active ingredient) and the collectors are gathered after a drying time with 
the risk of cross contamination. Collectors have to be post-processed to retrieve the data of each 
spray event. Gathering such data via a sensor could mean a major reduction of the costs and time 
required for these experiments (Palleja et al., 2016).
This study evaluated the potential of using a commercially available leaf wetness sensor for 

spray deposition and coverage measurements. 
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Materials and Methods

Sensor
The leaf wetness sensor (HD3901, Delta OHM S.r.L., Italy) is normally used to estimate the 

risk on condensation on leafs of agricultural and floriculture crop to prevent mould and fungal 
infections (https://www.doblx.com/meteorology/hd3901-leaf-wetness-sensor-detects-the-presence- 
of-condensation). 
The double sensitive surface potentially allows for a simultaneous measurement on top and bottom 

of an artificial leaf. However, as the properties of the surfaces are different on both sides of the 
ready-to-use sensor, we only used the upper side.
The sensor has a 0.5–3.0 V output signal, which was measured with a Fluke 345 and accompanying 

software (Fluke Nederland BV, Eindhoven, the Netherlands). As the output tended to shift with 
the relative air humidity, the background signal of the sensor was determined before every spray 
event. The output signal during the spray events was corrected for this initial background signal. 
An overview of the sensor setup is given in Fig. 1.

Fig. 1 Sensor set-up, configuration and logging.

Experimental setups
To check the sensitivity and accuracy of the sensor, two types of experiments were executed: 

on a single droplet and full spray scale.

Single droplet scale experiments
 ILVO’s piezoelectric droplet generator (Vulgarakis Minov et al., 2015a) was used in the ‘droplet 

on demand’ mode (DOD) to evaluate the smallest detectable droplet size and its repeatability. 
The leaf wetness sensor was mounted 5 cm below the fitted glass nozzle. Using this setup, seven 
different types of experiments were done using two nozzle sizes (Table 1). Nozzle 4 and Nozzle 1 
were always shown to produce the finest and coarsest droplets respectively in previous experiments 
(Vulgarakis Minov et al., 2015a).
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A preliminary trial showed that the output signal only changed after adding 10 droplets. Every 
first droplet of every 10 droplets added was captured by a high-speed camera (N3 HS camera; IDT, 
Lommel, Belgium) and analysed in Matlab (mathWorks Company, Massachusetts, USA) using 
the image processing algorithms developed for the DOD by Vulgarakis Minov et al. (2015a). An 
overview of the setup is given in Fig. 2. More details about the setup, the image acquisition system 
and processing can be found in Vulgarakis Minov et al. (2015a,b).

Table 1. Experiments done with the single droplet generator and settings for the DOD-mode

Experiment 1 2 3 4 5 6 7
Droplets 1 spot scattered 1 spot scattered 1 spot scattered scattered
Nozzle 4 4 1 1 1 1 4
Repetition 3× 10D 5× 10D 5× 10D 5× 10D 5× 10D 5× 10D 5× 10D
TA (mS) 4 4 5 5 5 5 3
TP (mS) 0.7 0.9 1.5 1.5 1.5 1.5 0.01
Electrical 
potential (V) 4.5 4.5 4.5 4.5 4.5 4.5 4.5

TA = Absorption time of the Block diagram of the double pressure pulse for the DOD ; 
TP = Pulsation time of the Block diagram of the double pressure pulse for the DOD;
10D = 1 step of 10 droplets. 

Fig. 2. Schematic overview of the single droplet generator setup with the leaf wetness sensor.

Full spray scale experiments
Spray trials were done using the automated ILVO spray track (Foqué & Nuyttens, 2011). In a 

first series of spray trials, different spray volumes were generated (viz. 19, 28, 55, 138, 230, 460, 
920 L ha-1) all with the same spray quality using one and the same nozzle pressure combination 
(viz. TP 110 0050 at 4.0 bar) (Table 2). In a second series of tests, six different spray qualities were 
produced using six different nozzle types (viz. TeeJet TP 110 0050, XR 110 01/03/06/10 and AI 110 
03) at about a constant spray volume of 235 L ha1 (Table 2). This spray volume is within the limits 
of the spray volumes commonly used in arable crops in Flanders (viz. 200–250 L ha1). Droplet 
size characteristics of all nozzle-pressure combinations were obtained using a PDPA laser-based 

	



194

measuring set-up (Nuyttens et al., 2007). In all spray track trials, spray coverage was measured 
using water sensitive papers (WSP). The WSP were positioned at the same position as the sensor, 
i.e. at 0.50 m below the spray boom. Fig. 3 gives an idea of the setup and how data was obtained 
by using WSP. More information about the WSP-protocol can be found in Foqué et al. (2014b).

Fig. 3. Setup full scale experiment and schematic view of the data collecting process using WSP.

Results and Discussion

Single droplet experiments
With the high speed imaging technique, the speed and size of the droplets produced by both 

nozzles at the different settings were measured. Based on the size of the droplets and the sensor’s 
surface area, the spray volume of 10 droplets was calculated. For nozzle 4 (smallest droplets), only 
the 1st experiment, in which all droplets accidently landed on the same spot, resulted in distinctive 
voltage steps per 10 droplets (raw data not shown). As the landing position of the droplets is hard 
to control, no additional experiments with all droplets on the same spot could be made. The mean 
increase in the output signal caused per 10 droplets is shown in (Fig. 4). The overlapping error 
bars of repetition 2 and 3 show that, with this low spray volume (about1 L ha-1), the measurements

 

 

 
 
 

	



195

Fig. 4. Nozzle 4 (DOD): Changes in the output signal of the sensor for every step of 10 droplets. 

Table 2. Overview of the different full scale spray experiments

Nozzle
Spray volume 

(L ha-1)
Pressure

(bar)
Speed

(km h-1)

Ex
pe

rim
en

t 1

TP110 0050 920 4.0 0.3
TP110 0050 460 4.0 0.6
TP110 0050* 230 4.0 1.2
TP110 0050 138 4.0 2.0
TP110 0050 55 4.0 5.0
TP110 0050 28 4.0 10.0
TP110 0050 19 2.0 10.0

Ex
pe

rim
en

t 2

TP110 0050* 230 4.0 1.2
XR110 01 234 3.0 2.0
XR110 03 236 3.0 6.0
AI110 03 236 3.0 6.0
XR110 06 235 2.0 9.9
XR110 10 236 1.0 9.2

do not exceed the noise within each step sufficiently. This could be the result of quick evaporation 
caused by the hot xenon light source. Two additional repetitions were made with Nozzle 4, in 
which the droplets landed in a more scattered way. No clear voltage steps could be distinguished 
and only a few drops could be detected at the same time (visual assessment). The light source 
inducing evaporation did not allow observing 10 droplets at the same time.
With the coarser droplets, it was always possible to observe a voltage peak when adding 10 

droplets at the same time and four experiments were done: two in which 10 individual droplet 
droplets were scattered over the sensor’s surface and two in which the 10 droplets merged as one 
bigger droplet. The results are shown in Fig. 5.
Clear voltage steps were observed for each of these experiments when adding 10 droplets. The 

error bars of each repetition within the same experiment show no overlap. Based on these findings, 
it looks like the sensor is able to detect a spray volume down to about 2 L ha-1. 
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Fig.5. Nozzle 1(DOD): Changes in the output signal of the sensor for every step of 10 droplets (mean ± 
SD). The output signal was corrected for the initial background signal.

Another observation is that scattered droplets always resulted in a lower output signal than 
droplets landing one the same spot. One explanation might be that the single droplets have a larger 
surface area in relation to their volume and are therefore more prone to evaporation resulting 
in a lower mean output signal. Another reason might be that, due to their diameter and smaller 
contact angle (Fig. 5), the coagulated droplets have a larger contact area with the sensor and 
therefore result in a higher output signal. Both explanations are equally possible and might both 
be involved. The latter could be overcome by adapting the sensors.

Full spray experiments

Table 3. Droplet size properties of the sprays measured by the PDPA-laser

Nozzle & pressure Dv0.1 
(µm)

Dv0.25 
(µm)

Dv0.5 (µm) 
= VMD

Dv0.75 
(µm)

Dv0.9 
(µm)

RSF SD 
(µm)

CV (%) 
= RSD

TP110 0050@4bar 85 116 152 191 228 0.94 45.8 55%
TP110 0050@2bar 98 130 168 212 261 0.97 51.7 54%
XR110 01@3bar 104 141 185 233 272 0.91 56.5 59%
XR110 03@3bar 136 183 242 299 378 1.00 74.5 64%
XR110 06@2bar 157 218 291 411 615 1.57 89.0 69%
XR110 10@1bar 177 244 358 563 713 1.50 102 71%
AI110 03@3bar 196 273 428 615 736 1.26 115 70%

Nozzles are ranked based on their VMD.

In Table 3, the droplet size spectrum information gathered for the different nozzle/pressure 
combinations via the PDPA measurements are shown. Nozzle combinations are listed based on an 
increasing volume mean diameter (VMD).
In Fig. 6, the output signal of the sensor when sprayed with the same nozzle but with different 

spray volumes (from 19 up to 920 L ha-1) is shown. The results are shown in order of decreasing 
spray volume, revealing a fairly linked reduction of the output signal.
Similarly, in Fig. 7 you can see a decreasing output signal with an increasing in the product 

VMD*speed for a constant spray volume. The XR 110 01 nozzle seems to contradict this hypothesis 
while the XR 110 06 could be an outlier too. Treating the XR 110 01 nozzle as an outlier; however, 
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Fig. 6. Output signal of the sensor (mean ± SD & max.) during the first series of experiment 
(TP1100050 nozzle, different spray volumes) for different spray volumes (Table 2 for the other 
spray parameters).

Fig. 7. Output signal of the sensor (mean ± SD & max.) during the second series of experiment (different 
nozzle-pressure combinations at the same spray volume). Results are shown in increasing order of the 
outcome of the product VMD × Speed of the spray boom.

was further justified by examining the relationship between the sensor’s output signal and other 
information gathered during the experiments (WSP & PDPA laser; comparisons not shown here).
If the XR 110 01 nozzle is treated as an outlier, good correlations between the output signal and 

coverage (Fig. 8A) and spray volume (Fig. 8B) can be found. A very evident correlation between 
the applied spray volume and the coverage observed on the WSP is shown in Fig. 8C. Differences 
in coverage values at the spray volume of 235 L ha-1 are caused by differences in the applied droplet 
size spectrum. The finer the spray, the higher the coverage values. No coverage information was 
gathered during the DOD-experiment. Due to the good relationships shown in Fig. 8 and Fig. 9A, 
the relationship between spray volume and the output signal was further investigated (Fig. 9B). 
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Fig. 8. Correlations between coverage (A), the applied spray volume (B) and the mean output signal of the 
sensor.

Based on the results of sprays with the same application rate (Fig. 7, Fig. 8B, Fig. 9), it seems 
that there is an effect an effect of VMD or the droplet size spectrum. In addition, looking at the 
results obtained with the same nozzle, applied with the same pressure at different application rates 
(Fig. 9B), it seems that the curves of fine (upper, black line) to coarser sprays (lower, orange line) 
might be parallel to each other. This means that for one droplet size spectrum, a linear relationship 
between sensor output and spray volume is found. In addition, for the same spray volume, a higher 
sensor output is observed for a finer spray caused by the higher coverage values. This hypothesis 
needs to be investigated further. Nevertheless, by using the equation for all experiments (Fig. 9B), 
we estimated that the minimum spray volume that could be detected by the sensor is about 3 L ha-1 
as below this volume, no clear voltage values were recorded. This estimation is in the same range 
as the clearly detected steps of 10 droplets with the DOD (2.08 L ha-1).

Conclusion

The results of these experiments were quite promising. There was a good correlation between the 
sensor output signal (V) and spray coverage (%). In addition, relations with spray volume, droplet 

 

 

(A) 

(B) 



199

Fig. 9. (A) Evident correlation between the spray volume applied and the coverage observed on the WSP; 
(B) The relationship between spray volume and voltage shown for all commercial nozzles (XR 110 01 
excluded) and the DOD-experiments (only Nozzle 1). For the latter, each step of 10 drops was treated as 
an increase of the spray volume by 2.08 L ha-1. The orange filled symbols (●) and associated trend line (…) 
show the function and R² for all experiments. The hollow black triangles (Δ) and dotted line (- - -) show 
the results of the nozzle with the finest spray quality (TP 110 0050 @ 4bar) at different spray volumes.

size and the number of droplet impacts were observed (the latter one is not shown). However, 
additional experiments testing other nozzles at different application rates are needed to confirm 
these findings. Nevertheless, it looks like this type of sensor has the potential to assess spray 
results in a canopy.
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