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Introduction

Innovative technologies, such as smart sprayers, are pivotal catalysts for modernizing the agricultural sector
and play an indispensable role in providing food for human consumption. Without the utilization of these
technologies and the implementation of proper input management, it is predicted that environmental impacts will
worsen in the future. Attaining sustainable production, while implementing programs to ensure food security,
presents a considerable challenge for researchers and policymakers worldwide. In this research, the performance
of a fixed-rate orchard sprayer was evaluated. Employing various equipment, the sprayer was then upgraded to a
variable-rate sprayer, and its performance was reevaluated and compared to the fixed-rate model.

Material and Methods

This research comprehensively evaluated a fixed-rate orchard sprayer and subsequently upgraded it to a
variable-rate sprayer for further assessment. The primary components of the developed variable-rate sprayer,
consists of an ON-OFF solenoid valve, a digital camera for imaging purposes, an ultrasonic sensor, a flow meter,
and a control circuit. The necessary modifications were implemented on a fixed-rate turbine sprayer. The
development of the variable-rate sprayer was devided into two distinct phases. The initial phase involved
determining the canopy volume and acquiring the necessary information pertaining to the spraying target,
specifically the tree. The subsequent phase focused on decision-making and control of the spraying rate, thereby
facilitating variable-rate application. Upon laboratory examination of the samples, spectroscopic results were
obtained, and the total concentration of the pesticide solution was calculated across different sections of a one-
hectare orange orchard. An investigation into the sedimentation of pesticide solution was conducted across
different treatments in two spraying modes namely, variable-rate and fixed-rate and at three distinct speeds: low
(1.6 km hrt), medium (3.2 km hr?), and high (4.8 km hr?) resulting in six treatments.

Results and Discussion
The comparative analysis of average pesticide deposition on trees revealed a significant difference between the
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two spraying modes; variable-rate and fixed-rate. All indicators demonstrate that the type of sprayer and the
spraying speed significantly influence changes in pesticide deposition across different treatments. However, the
interaction effect of the type of sprayer and the speed of spraying did not significantly impact the amount of
pesticide deposition on the trees and the total consumption of pesticide per hectare. The results indicated that
neither the type of sprayer, nor the speed of spraying, nor their interaction had a significant effect on the spraying
quality index. Furthermore, the numerical median diameter and volume median diameter were not significantly
different across the treatments.

The maximum pesticide consumption savings in the variable-rate spraying mode was 46%, achieved at a speed

of 1.6 km hrt. The maximum efficiency was 70% in the variable-rate spraying mode, occurring at a speed of 3.2
km hrt. The lowest amount of pesticide deposition on the canopy of trees was observed in the variable-rate spraying
method at the speed of 4.8 km hrt (1303 L hal), and the highest amount of deposition occurred in the fixed-rate
spraying at the speed of 1.6 km hrt (2121 L ha™). The highest amount of pesticide release in the air was also
calculated in the fixed-rate spraying mode with a speed of km hr (241 L ha') and the lowest value was calculated
in the variable-rate spraying mode with a speed of 3.2 km hr.

Conclusion

Emerging technologies, such as smart sprayers, play a crucial role in increasing the productivity of the
agricultural sector. If these technologies are not utilized, the challenges related to the sustainability of production
will increase in the future. One of the critical operations in the production of agricultural products is the spraying
phase. In this research, a fixed-rate sprayer was upgraded to a variable-rate sprayer, both sprayers were evaluated,
and the results of this evaluation were then used to compare the two spraying systems. The results revealed that
because the amount of the pesticide sprayed is controlled in real time by canopy volume detection in the variable-
rate sprayer, in the best case (speed 1.6 km hr?), it reduced pesticide consumption by 46% and reached 70%
efficiency. In all the studied treatments, both the type of sprayer and the speed of spraying significantly affected
changes in pesticide deposition. However, the interaction between the type of sprayer and the speed of spraying
did not have a significant effect on the amount of pesticide deposition on trees or total pesticide consumption per
hectare. There was no significant difference in the coverage percentage of the pesticide deposition on the target in
different treatments, and the best spraying quality occurred in variable rate spraying with a speed of 4.8 km hr.

By using a variable-rate sprayer, while saving on the costs of chemical pesticide consumption and spraying,
toxic emissions that cause environmental pollution will also be reduced. Future research should focus on
developing a variable-rate system based on independent nozzles, allowing for real-time control of each individual
nozzle's spraying.
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Table 3- Characteristics of the desired sprayer for development and testing
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4- Electric solenoid valve 12v 24V 220V. Operation
mode: NC (normally closed). Inlet and outlet: hose barbs
for 1/2" (outer diameter) hose. Medium temperature: 0-
100°C. Usage: water and low viscosity fluids. Valve
body material: brass. made in China.
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1- Statistical Package for the Social Sciences (SPSS)

2- Flow meter

3- Ultrasonic distance measuring module. model: HY-
SRFO05. Static current: less than 2 mA. Detection
distance: 3m-4m. High precision: up to 0.3 cm. Voltage:
DC5V. made in China
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Fig.1. Installation of a stepper motor on a poppet valve for electric variable rate valve conversion
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Fig.3. Electronic meter installed for the pesticide
solution exit from the sprayer
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Fig.2. ON-OFF solenoid valve
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1- YF-S201C Water flow sensor (flowmeter)
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Fig.4. A: The electronic board installed on the sprayer, B: Digital camera calibration, C: Tree imaging, and D: Canopy
volume estimation
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1- Pulse Width Modulation (PWM)
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Fig.5. A: Evaluation of the software program for canopy recognition and canopy volume calculation, B: Installation of

the ON-OFF solenoid valve and the variable rate solenoid valve, C: Testing the variable rate sprayer in the workshop,
and D: Testing the variable rate sprayer on the field
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Fig.6. An overview of the variable rate spraying system: 1. Camera, 2. Computer (data processing), 3. ON-OFF valve,
4. Electronic board, 5. Variable rate valve, 6. Sprayer, 7. Ultrasonic sensor, 8. Drift points, 9. Spraying direction, and
10. Wind direction
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Fig.7. Anemometer, thermometer, and hygrometer used for measuring the meteorological parameters
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3- Tree Leaf Surface

4- Leaf weight

5- Canopy volume

6- Leaf Surface Density
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1- Wind speedometer model DT-618 made by CEM
company. Made in China

2 - Measuring range: 0%— 100% relative humidity.
Temperature range: - 35°C to + 65°C. Reading accuracy:
+5%. Diameter: 100mm. made in Germany
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Fig.8. Leaf area calculated using image processing
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1- Tartrazine
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Fig.9. Biochrom Libra S22 UV-Vis optical spectrometer
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Table 4- ANOVA test results of pesticide solution deposition on trees in different spraying modes

Ol abe df ooljl as o Slasye oeSleo F P-value
Source of variation Mean square
Speed (gg i o oo 185547.556 7.418 .008™
Type of sprayer _slbew g5 1175555.556  46.995 .001™
S5y S0 E B £ 31920889 1276 3141
Speed * Type of sprayer
Error s 25014.611
Coefficient of Variation (CV) l s oo 0.20

Bgine 38 NS Cawl HId gimo 0o )3 B s )d # ol Hld gimo o3 Y o )> i
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%
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Table 5- The results of pesticide solution deposition on trees in different spraying modes

olys
Title
ooily gyidid eSS (g9 G Hlude
Deposition on one Whatman filter paper (L)
C,\&)J ;i.: ;?).g (':Ja.u )‘Aﬁn
Leaf surface of one tree (cm?)
CE 0 S (69 Camds JS s
Total deposition on one tree (liters per tree)
S S yo s ol
Number of trees in one hectare
S Sy bS53 g i ke
Deposition on one hectare of trees (liters per hectare)

Yol Yol Yl £l 0,k Tl
T1 T2 T3 T4 T5 T6

0.00039 0.00036 0.00033 0.00054 0.00051 0.00042
960395 960395 960395 960395 960395 960395
7.48 6.79 6.39 10.39 9.72 8.07
204 204 204 204 204 204

15272 13872 1303P 2121° 1983% 1646°

3- Number Median Diameter (NMD)

1- Spray Quality Index (SQI)
2- Volume Median Diameter (VMD)
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Table 6- ANOVA test results of pesticide solution deposition on the ground per hectare in different spraying

modes
Oyt é-’l~° df o131 4 s ©laye (ke F P-value
Source of variation Mean square

Speed (g pin s o 2 15438.389 5.070 .025™
Type of sprayer _sbew g5 1 5730240.889 1881.887 .001*
Sardy o KM 5 2 9641.722 3.166 079"

Speed * Type of sprayer

Error s 12 3044.944
Coefficient of Variation (CV) s co o 0.52

Dgre jue NS cuwl HId o o> B pdaw )d # Cuwl Hd dmo duo > Y pdaw j>
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%
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Fig.10. Pesticide solution deposition on the ground per hectare in different spraying modes

Table 7- ANOVA test results for airborne pesticide release per hectare in different spraying modes

el 5”‘“’ df o151 as Olaye (e Sbe F P-value

Source of variation Mean square
Speed (g yin s oo 2 4818.389 37.224 .001**
Type of sprayer il g9 1 45702.722 353.068 .001**
Sapig < Mo g5 2 1812.056 13.999 .001%*

Speed * Type of sprayer
Error s 12 129.444
Coefficient of Variation (CV) <l <o o 0.34

gixe 38 NS ol HId gimo o )3 B s )d # sl Hld gimo Do > Y o )> i
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%
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Fig.11. Airborne pesticide release per hectare in different spraying modes
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Table 8- ANOVA test results for the total pesticide consumption in different spraying modes

Wt gilie df o151 as Sl oile F P-value
Source of variation Mean square

Speed (¢g b s pw 2 274440.056 7.230 .009™

Type of sprayer _sbew g5 1 13629420.500 359.046 .001**

Soplig Sy BBl £ 2 56405.167 1.486 265ns

Speed * Type of sprayer
Error s 12 37960.111
Coefficient of Variation (CV) s co o 0.32

Doy NS sl Hd gime do)d B s 53 2 ol Yo Gzo o> ) prdans )>
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%
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Table 9- The total amount of consumption and percentage of saving of pesticide per hectare in different modes
of spraying

olye
Title

Yl Yolew  Yilew  €ler 0 Glew T e
T1 T2 T3 T4 T5 T6

lgm 3 Ll g (ppej (23 (59 Comd JS o>

Sum of total deposition on trees, ground, and air emissions (L ha-

Y

Coli &5 & Cans Bpan il

Reduction in consumption compared to fixed rate (liters)

92 po o)
Savings percentage

2185 2107 1952 4014 3777 3509

1829 1670 1557

46 44 44
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Table 10- ANOVA test results of spraying efficiency percentage in different modes

O padi é’l"" df o130 a4 Sl (il F P-value
Source of variation Mean square
Speed (g i o 2 .002 5.890 017
Type of sprayer b 9 1 .138 403.735 .001™
Sorig oy Bt £ 2 001 4.200 041™
Speed * Type of sprayer
Error s 12 .000

Coefficient of Variation (CV) l s oo

0.16

B ooyt NS Cansl Hd gime do)d B s 53 2 ol Y1 Gizo o> ) prdans j>
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%

Table 11- Spraying efficiency in different spraying modes

olys Yolow Vlow Yolew £ lw 0l Tl
Title T1 T2 T3 T4 T5 Ts
(12,3) )52 13 s Sy S ke 66 67 53 52 47

The efficiency of the use of Pesticide per hectare (percentage)
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Table 12- ANOVA test results of spraying quality in different modes

Ol gl df 3131 4y ©leye ke F P-value
Source of variation Mean square
Speed (¢4 pin s 2 35.962 1.723 .220m
Type of sprayer b g5 1 1.773 .085 776
oy S0 E B £ 2 4.168 200 8227
Speed * Type of sprayer
Error s 12 20.869
Coefficient of Variation (CV) l s oo 103.1

B ooy NS Cansl Hd gime Lo )d B s 53 8 ol Y1 Gizo o> ) prdans )>
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%

cilisee slacdls ) Jibe oy g oz aile b (ooae Wil ylad cla yaSls wil)ly 4355 g0l ol — VY Jgus
Table 13- ANOVA test results of numerical mean diameter, volume mean diameter, and coverage percentage in
different modes

Ol gl G2 Ol ke F P-value
Source of variation df 3131 Mean square
e &.lf" )143 2 58.783 1.259 3191
Number Median Diameter
Speed syt o> o b 2 118.757 2 444 1291
PEed sty e Volume Median Diameter
o L) 2 7.404 786 478"
Coverage percentage
sose Wl o3 1 68.992 1.477 2481
Number Median Diameter
) o b
Type of sprayer sl ; o> 1 104.835 2.157 .168™
w Prayel e &5 Volume Median Diameter
Ohds Lo 1 8.736 928 355"
Coverage percentage
s2ie oo s 2 152.718 3.270 0741
Number Median Diameter
G9 i g e olous £63 o> dibe jhd 2 215.075 4.426 036"
Speed * Type of sprayer Volume Median Diameter
ORDg o) 2 20.334 2.159 158"
Coverage percentage
2o e 5 12 46.706
Number Median Diameter
Error s 7> s a8 12 48.598
Volume Median Diameter
Ohds o) 12 9.418
Coverage percentage
s2ie s s 68.5%
Number Median Diameter
Coefficient of lys oy o> dile Jlad 59.9%
Variation (CV) Volume Median Diameter '
Ohds Lo 83.1%

Coverage percentage

B ooy NS Cansl Hd gime do)d B s 53 2 ol Y1 Gzo 20> ) prdans )>
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%
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