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Abstract Despite advancements in apple orchard systems, pesticide application volumes
in Korea remain stagnant, ranging from 2,500 to 4,000 L/ha, often without specific
guidelines. High pesticide volumes increase costs, pose health risks, and contribute
to environmental degradation through drift. This study evaluated a tower-type sprayer’s
performance in high-density apple orchards, comparing low-volume (2,500 L/ha) and
high-volume (4,000 L/ha) applications. Key metrics included drift, canopy coverage,
mite density, and cost analysis. The results showed 1,500 RPM for 2,500 L/ha reduced
drift compared to 2,000 RPM for 4,000 L/ha, though both exhibited drift up to 8 meters.
Canopy coverage exceeded 80% across treatments, ensuring effective pesticide distribu-
tion. Mite density was controlled effectively with no significant differences, and fruit
quality remained consistent. Economic analysis revealed total costs of 606,680 KRW
for 2,500 L/ha and 1,111,760 KRW for 4,000 L/ha, indicating that the low-volume spraying
reduced total costs by approximately 46% compared to the high-volume treatment,
primarily due to decreased pesticide use, fuel, and labor. These findings suggest 2,500
L/ha is a cost-efficient and sustainable option, reducing environmental impact and
resource use. Further research should address diverse pest species and adapt strategies
for evolving orchard systems.

Keywords: High-density apple cultivation, Pest management, Pesticide drift, Pesticide
spray volume, Tower sprayer
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B4o|Lt A 5o AZ A9 RLAL THEA Bt olfF WA A5 BHAF BAIY A4 BF AE A 5% S
g4It B4A G FAHOE B ofele Aol

webd £ ATOIAE etg WAZIS o] gl 19 F9 2500 Liha%h 4000 Lha®) SoF AHEFS 1] WO ZA, T LA
AP S04 5ok AL A 9 AY ARG wEIIA Uk ol B Y WA ok 97t w3, B4
AAH ol FAHOR BAASL, F Aelel AT WA 712 vhste | Jlelstut ek

A Yo AAEL T oW .?4;‘(]‘5} 108AY ‘Fuji’/M9 (Malus domestica Borkh.) Alt¥ o2, U 7+ 7HH2 4.0
x 2.0 mo|™, Bt File 43 m, b $EHZ 23 mE HERGTH
A FEE AoKE H2IT500 Lha)Sh 19 HEF4000 L) ol & 37802 47 oo, 2 org A

T8 7+ BYL WA 8] BEA 2,500 Uha)S 8GR ATt Al ofeke. 2 Ashele] B WA ok} 52054
o) 5ok A AW HHAE FlEon AT 7 OFF HelTi A% A7, 84, UA7] &8 2o whet +50

2t HHA A 7]?“9’] TS Z—]i?—]’é}-7] _‘H‘EH Z240] 2 m/s 0]5}Y ] HIAS 35t om, XJ'U]'@I’J- e 713 A=
ALet RE WAE 7 7Aof|A 94] Ateld] %ﬂlﬂl’o‘}aiu}.

F ¥R 7= 2008W 0] oA 28 BHA|7| 2 AR E 0] 2022 BN 07 ARE HUlof|A BAF 2 9%
A7 712 GAZIl 1.5 m9] B k&S siXTOZH RS o w2 7R EARHES oFFict
AP E5Fo dh= AT WA 8- AHsH] Holl & AFolA+= Equation 19] F-41E &85 11[13],
Z Oﬁ*%h’ﬂ ‘El“ *éx S gidste] UAI71E 28519 thH(Table 2).
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Table 1. Technical characteristics of the sprayer used in this study

Classification Airblast sprayer
Spray type Axial/Tower
Machine year (modified) 2008 (2021)
Tank capacity (L) 500
Fan type Axial
N° of nozzles 21
Max height (mm) 1,820
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Table 2. RPM, nozzle pressure, and speed at different spray volumes in the High-Density apple orchard system

Spray Volume (L/10a) RPM Nozzle Pressure (Mpa) Speed (Km/h)
2,500 1,500 1.5 22
4,000 2,000 2.0 1.2

R 28 KO0l 12 AT ofe £

ol¥l A3l HAF T oFeF = HAF A oFekS slolsly] 98] Asslity. Qo] oF-Hw o] oA WEF(%)S Hrlslr)
Slof, 3l W B AL Bols RS AL S0 S50 ulet g F 97O o] AAE FAT
(Fig. 1). 2 7L 45312 e, 2 79 Yold 99] uist siwlo] 42 aAS Bastdch. A7) 28 A4
wet S BE sty 27t 184 Amsiglon, A% T #5pAE 9Hs] AxF F 7 YAEE TESI] W] B0
Bastot A £ 088 B42 Scanner (Samsung, SL-C483)E 0]&510] 600 dpi S EE A& AT & Jpeg THA
Feiz Aot AGE Jpeg W] HLL Image] program (US National Institutes of Health, Maryland, USAYS 53 8-bit
Zu) Wgket § T2 03 W Threshold 7152 o83t} S0 Rastech. Weke g4t B 27)(0-infinity) 2 =
(0.00-100)% ZA3to] A4 Wuee ZAstet

O_L.

_[
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aC ulm B
TollMs AX ofFe] W s AE 7 BAEE B fdl, ARl EAsks 4SOl ¥H(Trtranychidae)
G Xd ]%OH(Tetranychus urticae Koch)9] B4} Wr2 #aslo] ofegld Qo By Wro] Wil uwsly vA ai=
A5 3o Al A8t A= Abamection F8 A& S5 ZAT AF Bl AR o B HiFo] w2t F
43] ARSI o, oFdl] 5|4 A] ZF A 2AR] Y 7|E2 FaLsto] A5t el H X Uk AR 2 AX 79 Y A0l
2 10579 Y75 HAes, 3o TAo] 7P B2 445 H 987kA] dFd HA0 s Fo8 v ARSs) @A oF
St E3E 2 oA ool s o2 FARE 100 A Fste] A do ]7§—°—§ SOl B=E BASHH 2E AR

Fig. 1. Placement of water-sensitive papers in different canopy sections for spray coverage analysis. Water-sensitive papers were at-
tached to different canopy sections of the tree to assess spray coverage. The canopy was divided into nine distinct zones: lower (0.0-
1.5 m), middle (1.6-3.0 m), and upper (3.1-4.3 m) parts of the tree.

Each of these height ranges was further divided into left, middle, and right sections of the canopy. This setup allows for the evalua-
tion of spray distribution across both vertical and horizontal planes within the tree canopy.
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25 3ol AF WS Farste] sPetR o, T oF D7t 40~60%0 =2 BF- w7l BAE dilske Ve

UM 22 XHojojl [hE H|M Al

HAE A2 AR AAO] wht - A 28 Aol wE AR S =S Brksh] s K= S5, A7) 3x4
(RPM) Aol= &5 WO £=9 5oF BARGo] &2 vIA7] Wiol, ol& Hlash| HEH 2,500 L/ha 71914 1,500 RPM,
Z<=2](76 x 52 mm, Syngenta, Basel, Switzerland)=

4,000 L/ha 271914 2,000 RPMZ ARg-Sko] B4 H7} Al9lS A &5t
5 m 019 gjo] 1 m Ao Rasw, 2R FojA 2F A8 m), 48 116 m), 62 1224 m) Fojxl Ho]
A2 5F¥ Tt HHA 7= 7t éj_ﬂ ZA9) wef 285901, 2,500 L/ha A2]F= 2.2 km/h, 4,000 L/ha A E]7t= 1.2 km/he] &5 2
FHFo=E 1314 FPsh ARE 33] PSR A4X T ApA= &A] AxH T 2 JAEE FESto] gy 559
wyslth DEE Bae An ofF AT FYUsH Imagel 223 olgslel APstgon, 7+ 92 Bt nEg

= 23 AFL 7+ AT 33 vE =H3 HRHe AFRsle] AFAS =9k
274 7](CN/GY-4, Tsingtao Toky, China)& AF&3}0] 7.9 mm 9] =2 =43}t FAl] Ar
RS VIEeR 120° 7J o= 33 243 7, 2 49| B AES AT S AR kgiom® TYZ EHFT
S F(SSC)2 Y XE =44 (PAL-BX/ACID5, Atago, Japan)E A&olo] &A5ltt. z+ 149 37
25900 B8 AR L0 02 231 HES 5o HE FEE Tohsich DEL obrx vl TATC
AP (TA)E 1% FHlEIed|ol 84 1 mE F713 5 ml9] $5S 0.1 N NaOH &40 g AYsto] Z4319ic}. At Alahit
(malic acid)o.2 3FAFSFo] %= UehfQict.

Aol Al 2 oFF Ao e WA ¥E2 7] Adll, 4 A FoA T soF v, F7H], 1XH] 5=
H

OF ML AE ool Bk A SORFS IFOR Sof WA AT 438L ANT A 1EOE AL
FRUIE P A 280 BAT AR 2UFS 71FOR 2 HelF T b Aolg Tefsto] Akt AalE 2t o
Ao WE AY Al whet g2 AEHGON, B WS AW AKE BIHE 28 stol AusiAr.

E AT glojg £42 Python 3.11.2 (Python Software Foundation, USA)E A&t 3=l om, o A2 7t 5oF
HEE, HAbE, o i AolE AFH7] sl Welch?] -7 (Welch’s t-test)= AMESHATH &4 Zih= p<0.05 0] A
EA% feluhe eyl

=R nkS
AT ofzol W WH)Y| 28 MY

3 ool chwl WAYIY 8 88 WS Eelor skt (1319141 A4S Equation 19] utek A4 A3k 2500
L/ha Ao A= 1,500 RPM, =& 43 1.5 MPa, £ £ 2.2 km/hE, 4,000 L/ha A4 2,000 RPM, =& 4
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2.0 MPa, 3 £ 1.2 km/hZE AXE QT (Table 2). 4,000 L/ha A7} 5L3t 2,000 RPME 2,500 L/ha A 2] 7o) A-8-51
510

W 59 SE2 ol ouk WA AR 724 v 2o 94 DARS W), S 7Y SEE AL WS S
4 % Slckn WERISIch olo] Wel £ S8 AUHOE WA HGSBAL, S0 ZHE § 14 A9} BE FUE

Flowrate (L/min) X Factor (600) X Opennozzles (reces)
Rowwidth X Tractor speed (km/h)

Sprayvolume (L/ha) = (1)

B ATolN TR AE of BAL 29 28 WS Jwtoz AN, 4 TS B Tt 84 2ANNE
U, 29 & 59 28 W4Tt tha FedRE B o FUT

BoFe] B2 §AT & AUtk Wb A%, v
AE RS BAT 4 9oM(13], o2 A8 2AoRA T ol A HAol WA ANkE 2L 4 Ytk B3] oAl
oleit TAIT YA S8 WAL AR AT AL 2EE, 5 BolA0) AUl T A W Askaolol4] F714
o At APA AZol Wasiht

A2HOR B ATE A4} 9 $E0) 23 B 5oF LT PHAS A0 SRetuA shgon, B FAL
B9 AitE 98 Whl Thore 84 2ANNE QuE P4 A5 AT & UL Ao P,

HHE| 22 X}0|0]| [}2 At ok2k XX

UE S0 W& AR offd m&BE HXAS Arm HH(Table 3), 2,500 L/ha ¥ ¥ 3FHE(0.0~1.5 m)Q] B IE-2 100%
£ 7|53 o, SHE(1.6~3.0 m)= 88.7%, AHE(3.1~4.3 m)= F 80%= UEIHTE o SHIA= sMEIT 96.3%, STHE7T
85.9%, A7) 81.4%9] TEES HAUTE 4,000 L/ha A oAe 4 4 sldE9] FF TEEO] 99.2%, SHE7} 96.8%,
AHE7E 89.1%= UEFR o, o SHA = SHRIE 100%, STFE7F 95.1%, FTE7F 86.2% = LEFHT

T oFF 7F O E5E Aol SARLE fou|sti o, 1999 I Y EZ Aol A AARE FHto] -goff BHA| 7| 474

22 D EEQl 75%2 TET u, 2,500 L/ha A 2L 2835 A7) 75 Ao 2 mokEh oo & A18o] Ay oFky}
of d& ®w A Anet 45 AAT o Adok TR FHlo] o= FE I HH AAStERE ¢l RO nEEo] WA
83 gaojrh Ty & AdoA= o T RO uEE Zjolrt A4 Ao, of Sl W 1EE Ao|k B A
ZHA Uebgtth o, o] e oA dutd o g ARgStE AR W71V obd Bl WHAI71E ARSI B R WA
FHOl o= fEE Ayt ek & Aol

AeAe 5o £5F F42 7] A1 783 =7 25 233 22 a3 U 3A9 A4 Qe dHolHE Al
o 4], WA Al AR A g EEL 719 9 20 wEt AolshARt, Ayt & FH| A9 20~50%% A|A| R
Iy 2 A2 A o] Zofl AR 7IE2 & o] ¥l &5t AAIZE AA At AR S HlEol 70% oY
ol, soF A7t Ao g o|foFrty WSt oA " AFARE 1t Al SEEC] High o]do] Y= olf= 7%,
3, ¥ois, 59 WA7] 54 59 o 899 wt A% m&EEe] gEhd 4 Q7] wiEolth wEkA 2 AtollA= Aol

olo n}i

=

N

ol

=

O.

Table 3. Canopy coverage rates under different spray volumes in the High-Density apple orchard system

Average (%) + SD?

Location Height (m)

2,500 L/ha” 4,000 L/ha
31~43 79.3+7.3b 89.1439a
Front 1.6~3.0 88.745.1b 96.8+29a
00~15 100 a 99.2+0.2 a
31~43 81.4+4.1a 86.245.7 a
Back 1.6~3.0 85.9+4.6 b 95.142.4 a

0.0~15 96.3+32b 100a

3 Standard deviation (SD) represents the variation within the same height.
b Different letters within columns indicate significant differences based on Welch's t-test (p<0.05).
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80I% Bao2 W AAES WAL, YL Yokl el 43 4% ARES £EAE 2} AP} Yasc

3L 2 AFolA ARt 31 = 99, 79 S 7€ AFolA ERlE B A AT AR A7 12k
Aol 5 Hhgsto] A7 = Ut 11]4 °4%L°ﬂ =, B A7 = AR A7l v S5 W] 3 Wk =g wiAvE
o 124 BAg > %EE AAE0] WA AT 2 B 53 LROA & WA GSS dehdt BHlg w719
AR =2 AP R =N A HAE Ao R 2T ¢ o, 2 Ao oFFE UA axE Sdislst]
3} 2,500 L/had] 1% 1,500 RPM¥} 1.5 MPa, 4,000 L/hao]A]+= 2,000 RPMI} 2.0 MPa=Z A5}t o]} 42 4L eld
WA719] BAF 47 D4 AM%H TF22 E40 23 PA afE FAgleta A A2 APs] AT Aer & 5
AUtk

ZEhO| S0H WAl 2l H| HA

498 E 9U7HA] 7+ oFF Elo] 7 Soff ¥ U E ulw BAFH ¥k Fig 20] YERY ok A HA A9 &
A YA Afol]l 48 1495 E 6 29 ©WZHAI= 2,500 L/ha 204 4,000 L/ha A2]of] H]s] &off 7t w27 J5dt=
BEFS Bolou, 59 269 F e Bt Sl W= A7 52%2} 56%= H|RE 2ol 6 29U RE 7Y 14Y7HA]
ofef 7k Aol= A ¥ 78 219 A Fol= S0l Wert F43] AAskltt olF F oFF B FHIl 40%2] o WEE
Z1EorR o, o 1 Rou|et Aol= HRISA| ookt ot A= F oFF B gHfo] Soff WAl 323t avtE HilE
= AARRIT

2 A7 3o TAEE e R WA 5YE I WUiskieH, ol o vt 9 aF olstE fAIHAY Rorl=
IS 53 TAZE A de Herdnh 53] 2,500 Lhaf] S22 oFFo M WAE0] 4] 2 H2 WA a3t o=
FAEIL U5E BoEr. FHfolsdie A AlAZCR s2he] 8 o, 2 9 A2 s V= I3 TAV 8%
sFo= F3]H[15], HZole ol 715k oAl AFA T2z As16], FHol ol #El9] 240 B FRHAL AU
= AT 23 F o ROl A Huto] Soff E8Ec] A fELRE RAFHNSH, $EATAHY ASF997 ¥A V=S
F5he FE2E BV olRoFEE #AIT &+ AT

WAl aik= A FH, FA4F 54, 9, 714 52 EHRl 8910 wet b=, 2 dolM ARSE BHE WA=

10—

—— 2500L'Ma
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Fig. 2. Incidence of mites on leaves under different spray volume treatments (spraying events are indicated with orange lines).

3 significant differences between spray volumes at specific time points were determined using Welch's t-test (p<0.05), indicated by
asterisks (*) on the graph. ® The error bars represent the variability of the data points, indicating the standard deviation.
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g gAY A WAS AT FHR, 04 ATLoIY B WA 58S Holk Ao A¥A k. [10)o] w2
E1919 AN 712 57 A0 B]s) WALE oF 35-37% Bol w7} glon, o)k B Axo] e HeHon BA
% 9l 2A Hth B AT HAY WAYS A8T A3 2L oRIIAE WA ATt F83] et AL olejst
AN 0 QAT A2 A5k (119 B o1 Sl B2, AT YAV A o A T
OE] -

S
2]
oE NEES ASoh U4 A 22 a8 F20A 8y d& Helrt

_\;
@
kOI
o

2| 2& Xxto|off (HE H| A Al
AL off Ajolof| W HIAF AIF Y] HA] HEE AI(Fig 3)E HH, 2,500 L/ha A2joflA] A& o 2 AZ|(-8 m)of|A]
TEEL 85.9%%HUL, LEE B2 51.8%F 7|SSIAUH 48 A2 (-16 m)oA= A& Fo] 3.1%, LEZXR Fo| 8.7%H°m, 6
A(-24 m)oA= FE EF 0% TEES UYERATE 4,000 L/ha HEollA= A o 2 AZ A 94.1%, LEZ oA
66.4%2] TEFo] e, 48 AZAE A& Fo| 2.9%, LEZ Fo] 11.4%Fth 68 AT A= 2,500 L/ha2} 5A5HA
0% HEES Ech
F9- dof] W polg AHEY, F oFF BF 28 AZoA 9% I LEX 49| HEE Xol7t IA YT ol
WA719] $F W A o] E Ao|& "irxé%]"r AUtk [12]0] =W, 2 AlHo|A AREE WA7|F 22 dREAl £
(axial) FA7| = $F WO I ol wet H $F Fx7F o 2A Yehdh o]§ Aol Qlsf 2 FERt ofd et
ol WE EEx ExFUsid 4 Stk 5ol HAFE T BE A7) 28 A0l UEhte $F Alole BA & $8%
82102, [17]19] Aol = HAFYFP (tangential) 55 FX|7F A $F 229 E4F EAE MAT & e et =
A= gt olo wet, B A7 22 AAE AAVE Bag o]fE AT 4 Stk
ESE 4 Ao QEZ F9] FEEC] ¥ £ UEd M2 £ AF 2 AA 9 S A9 Zfolof 790 Ae=
et BAXHCE FoulsiAE Fout, 2 ARt ARtH At U2 HE & o, 59 AT FFAANAE
4 3 Ao et DEE Zfo|7p AT = USS AARITHIL). wEka] o] HEet 3 /o] WAl &4
g 821U 1T 4 AUt

>

I ET 2y
B B BHE B9, THE AL ofo] 2% AB] WXL JFL Blsty] o) Sof BE UE 9 B YuE §ot
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Fig. 3. Distance from the target row on the left side (m), Distance from the target row on the right side (m).

 The coverage rates of water-sensitive papers placed in the same direction and distance under two spray volume treatments were
evaluated using Welch's t-test (p<0.05)
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oo W FEE F7t2 S5 B9 F8 54U Bk, 7HA 1P, AHe(Table 495 AARE 23, 2,500 L/ha®t
4,000 L/ha 7 oFF A& Zhof] B Fo|A o]t Zfol= WERLA] ol o]= &of AR Afolo= =stal + A&7}
W 42 FASE H Ao FLsHA ERAdS AXRIY. Ze AFolA dud 3 Fdo] Sl wE, AxFS

SoIH = At ALk, Bk, A= ASHEA EES Quidth

Table 4. Effect of different spray volumes on fruit firmness, soluble solids, and acidity with SD

Spray Volume (L/10a) Firmness (kg/cm?) Soluble Solids (°Brix) Acidity (%)
2,500 3.67+0.10a” 148+0.5a 042+0.03a
4,000 351+0.09a 149+04a 0.31+0.02a

3 Different letters within columns indicate significant differences based on Welch's t-test (p<0.05).

LHBHES
2,500 L/ha®} 4,000 L/ha®] & ] itof tjdt Soff WA v]-8-2 H|WE Table 55 HH, F WA w2 2,500 L/ha A
T 606,68099°]1912.5, 4,000 L/ha A2 FHA M= 1,111,760 02 WEfL, JoFF H2j717k oF 83% o £ HlE-2

Bt

Table 5. Economic comparison of spraying costs for four spider mite control applications between 2,500 L/ha and 4,000 L/ha
treatments in apple orchards

Cost 2,500 L/ha (KRW) 4,000 L/ha (KRW)
Pesticide 509,600 933,000
Fuela 54,280 99,960
Labor 42,800 78,800
Total 606,680 1,111,760

9 Calculated as the duty-free fuel price (1,057 KRW per liter) multiplied by the fuel consumption per hectare during inter-row driving distance.

H]-89] AL, 2,500 L/ha Aol A= 509,600, 4,000 L/ha A 2]F-o| 4= 933,0000] AQEF 0] & Zol& HFom,

ofefol ujel 5o Amapo] A0 F/4G AR M) Eak Amue AAH] oA TokF H TN 42

3} 78800908 A Hel PR L H8-2 ek ol 1okE A Al o L 5 AHOR ok Bab
29 Fol7] U8 3% =2 ZY0RN A4 A7ro] olWA LAY F7} vgoz werHL

FUHOR 2,500 Lhao] Aok ALEo} ok A % M| Aol 7|eld & Yor, & WA B 8L oF 46% WU

otk E3F Aokef Alnl uAb 7440} LoF A7RS B3 347 0o urR| 9} R ko] 7]ojst 2 Qlo], AR|H LA
O
=

1-0F g
o}
1h£
42,8009
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