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Abstract: In this study, we evaluated the spraying efficiency and drift characteristics
of tower sprayers in multi-leader apple orchards and proposed optimal spraying standards.
This research addresses the challenges of pesticide drift and uneven droplet distribution,
which impact spraying precision and environmental sustainability. The results demon-
strated that disabling the air-assist significantly reduced pesticide drift, while the com-
bined effect of revolutions per minute (RPM) and driving speed on spraying efficiency
and drift patterns was significant. Air-assist was shown to increase droplet drift beyond
the fifth row, whereas disabling it substantially mitigated this effect. Furthermore, droplet
size and distribution varied considerably under different air-assist conditions, emphasizing
the need for tailored spraying strategies in planar orchard layouts. The results of this
study provide essential insights for improving spraying efficiency and minimizing environ-
mental impacts, thereby supporting the development of precision spraying technologies
and sustainable orchard management practices.
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Fig. 1. Environmental data recorded during experiment time.
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2 Hd &% 2.0 m/s °|3}, Fat FE 70% O|5tolA FAE FHSIATH(Fig. 1).
W 53 BA7Y g2 202190 A EDFLR xRt FHE, T &) 2.3
ColER g iRe AR sTMIA AAlE A8l e A A Bl 71E
HA719] 25 2A WS @Al AT 5 9lof e A Aol Yt 53], Al a8 I o vt AdS Ak
et =F wiA] HANCRE: BHE WAV fFARE FEHE 29T 4 o] w7 AdAC] w2 WHor FriEnh

AES =5 ol&sto] WA A(1~59) 7t EE B S At £EE BB H8) dAE ARESHT. dAls
WA G W 4 U] o SHRE 25t B alet YHlE VIEe R 97 LR wirol RASIItH(Fig. 2). Be A9
5 FPoz 135] YAt H, v AYB3))S &3 dolE ] A#/dS SEsiint Ui Aol FaE daAle

WA & £A5ke] SN ER A5 0™, Python (3.11.2, Python Foundation, USA) 7|4t OpenCVE &-8-3f E4I5tt}. &
A oA YAEaRt H, HA| WA div] 22 v&E WS ALbote] 8 wEES AESIAL, =Y Bt WA

Fig. 2. Method of attachment of water sensitive paper in multi-axis apple orchard.
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Table 1. Coverage of water sensitive paper by sprayer at different RPMs and height with Standard deviation®

RPM Height (m) Location Average=SD (%)*
Front 98.1+£0.3 2’
2.2~34
Back 97.3+0.7 a
Front 100a
1,000 1.1~2.2
Back 100a
. Front 100a
' Back 100a
Front 100a
2.2~34
Back 100a
Front 100a
1,500 1.1~2.2
Back 100a
. Front 100a
' Back 100a
Front 100a
2.2~34
Back 100a
Front 100a
2,000 1.1~2.2
Back 100a
. Front 100a
' Back 100a

Y Different letters within columns indicate significant difference based on one-way ANOVA and Tukey's HSD test (p<0.05).

Table 2. Coverage of water sensitive paper (WSP) by sprayer at different speeds and heights with Standard deviation®

Speed (km/h) Height (m) Location Average+SD(%)*
Front 100a
2.2~34
Back 100a
Front 100a
1.8 1.1~2.2
Back 100a
. Front 100a
' Back 100a
Front 97.1+0.1.7 ab
2.2~34
Back 98.9+0.4 ab
Front 100a
3.1 1.1~2.2
Back 100a
. Front 100a
’ Back 100a

Y Different letters within columns indicate significant difference based on one-way ANOVA and Tukey's HSD test (p<0.05).
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Fig. 3. Inter-row drift coverage comparison: effect of fan operation and low-speed (A) and high-speed (B) in tower sprayers.
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Fig. 4. Effect of fan operation on droplet size distribution under low-speed (A) and high-speed (B) conditions in multi-axis apple or-

chard spraying.

Different letters within columns indicate significant difference based on one-way ANOVA and Tukey’s HSD test (p<0.05).
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