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Introduction

About 30% of the annual losses of agricultural products are caused by pests, diseases, and weeds. Spraying is
currently the most common method of their control. At present, various manual and tractor-mounted sprayers are
used for spraying. Manual spraying has very low work efficiency and is damaging as the spray might be applied
irregularly and consumed by the labor or the product at poisonous levels. Tractor-mounted sprayers are more
efficient than manual sprayers and require less labor. However, their use is associated with issues such as
compacting the soil or crushing the product. In recent years, Unmanned Aerial Vehicle (UAV) sprayers have
been used to spray farms and orchards. UAV spraying can increase the spraying efficiency by more than 60%
and reduce the volume of spray used by 20-30%. Based on the capabilities of the UAV sprayer and the
limitations of other current spraying methods, the purpose of this research is to evaluate the performance of the
UAV sprayer in controlling Brevicoryne brassicae (L.) and compare the results with a turbo liner sprayer.

Materials and Methods

In the present research, the UAV sprayer is studied as a new method of spraying to fight Brevicoryne
brassicae (L.). The results were technically and economically evaluated and compared with the control group
and that of the turbo liner sprayer (the conventional method of spraying canola in Iran). The experiment was
triplicated with a completely randomized design and three treatments of UAV sprayer, turbo liner sprayer, and
control (no spraying). Field tests were conducted on the canola crop at the stemming stage where at least 20% of
the plants were infected. The measured parameters included drift, spraying quality, field capacity, field
efficiency, energy consumption, and spraying efficiency.

Results and Discussion

Based on the results, the spray volume consumed by UAV and turbo liner sprayers was equal to 11.1 and
187.6 liters per hectare, respectively. The particle drift in spraying with UAV sprayer and turbo liner sprayer
were 53.3% and 80%, respectively. Moreover, the quality coefficient of UAV and turbo liner sprayers were 1.15
and 1.21, respectively. Therefore, the farm efficiency of the UAV sprayer and turbo liner sprayer was equal to
51.4% and 32.3%, respectively. Based on the results of the analysis of variance, immediately after spraying,
there was no statistically significant difference between the average density of pests of the three treatments.
However, three, seven, and 14 days after spraying, there was a significant difference between the control
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treatment and the spraying treatments. The density of pests in the plots sprayed with UAV and turbo liner
sprayers was lowered to less than 100 pests per stem, whereas in the control treatment, the density varied
between 250-700 pests per stem. A comparison of the average efficiency of the UAV sprayer and turbo liner
sprayer with the t-test showed that both sprayers had managed to control the population of pests and 14 days
after the spraying, the efficiency of the UAV sprayer was higher than that of the turbo liner sprayer.

Conclusion

- The spray volume consumed by the turbo liner sprayer was 17 times the UAV sprayer.

- The spray drift was about 34% more in spraying with the turbo liner sprayer than the UAV sprayer.

- The field efficiency of the UAV sprayer was 59.1% more than the turbo liner sprayer.

- The energy consumption per hectare of the turbo liner sprayer was 7 times the energy consumption of the
UAV sprayer.

- UAV sprayer’s efficiency reached 92.7 % 14 days after spraying.

- UAV sprayer is recommended for controlling Brevicoryne brassicae (L.) due to its high efficiency, low
drift, low spray volume and energy consumption, and superior spraying quality.

- To improve the performance of the UAV sprayer for controlling Brevicoryne brassicae (L.), a flight height
of 1-1.5 meters from the top of the crop, a flight speed of less than 7 m s, and a maximum spraying speed of 4
m st are recommended. Additionally, it is possible to prevent the spread of the pest in the stemming stage by
spraying the field in an earlier stage.
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Table 1- Technical specification of the experimental sprayers
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oo Filled Effective 1 Pressure Sora Flow  Number  Flow  Average e
Sprayer Tank spray type (Mpa) h(l:igh)f( (L of (L Speed Spray
Capacity  Width (m) fromthe mipy  Nozzles  mint (kmh) - volume
) 1) (L hal)
(L) ground
(m)
ilewdlige
UAV 10 45 Flat fan 0.3 1.8 0.45 4 1.8 21.6 11.1
sprayer
Ol
e Hollow
Turbo 120 28 cone 0-5 25 7.2 9 64.8 74 187.6
Liner
Sprayer
Y9095 Ghlews g (blewslag (Sl CudS cu o 1Sk —Y Jgaa
Table 2- The average spraying quality coefficient of the UAV sprayer and turbo liner sprayer
5 ple Al yhd WwWSile EH Y- BN 9Y
L o o 81 o et o 31l 8 oS o 815
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Soraver A Standard . Standard T Standard
pray Spraying Quality Deviation Number Median Deviation Volume Median Deviation
Coefficient Diameter (um) Diameter (um)

Aoy 1.153 +0.13 541.8 +178.5 618.1 +178.8
UAV sprayer
22 Y285 (iliew
Sprayer
A58 Gilaw 5 (Slowsliny glas e 835k =Y Jgaar
Table 3- Field efficiency of the UAV sprayer and turbo liner sprayer
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oTye £ oAl Theatrical Field ive Fi Field Energy
Sprayer Effective spray Average . 1 Effective Field Efficiency consumption
; Speed Capacity (ha hr) Capacity % KWh
width (m) " 9 (%) (kwh)
(km hrt (ha hri)
AHelizg 45 216 9.7 5.0 51.4 3.4
UAV sprayer
2 Y5285 Siliew
Sprayer

100.5
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Table 4- The average number of pests before and after spraying

Days before and after spraying

slosd Treatment

1 day before 3 daysafter 7 daysafter 14 days after
Aemslig 4253 151.8 35.2 206
UAYV sprayer
Y98 Hlew 296.1 30.7 745 429
Turbo Liner Sprayer
sl . 3013.1 463.1 776.3 256.4
Control (Without spraying)
il &2 2,37 2,37 2,37 2,37
Degree of Freedom
F oasls 2.2 36.2 72.9 129.3
F Index
Pr e 0.7 0.0001 0.0001 0.0001
Pr Value
et 441 58.2 57.4 48.1

Coefficient of Variation (%)
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Table 5- Comparison of spraying efficacy percentage for controlling the population of Brevicoryne brassicae (L.)

slss Treatment

Days after spraying (%)

+3

+7 +14

el
UAV sprayer
Y55 lew
Turbo Liner Sprayer
3l ey
Degree of Freedom
t
Pr

29

2.8
0.008

69.1+4.0 70.9+3.8 92.7£1.3

87.3+2.3 88.4+1.0 85237

29 29
2.9 2.5
0.007 0.02
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