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HWE: AXORREFAEREHF EOG ST B EREGHE RS £,202455A 158 F L4
B R R E L R A S ATR E, R B AL L APL(unmanned aerial vehicle, UAV ) #= A T4E
W F AR 36 2h 7 XA RAter 25, e e 25 e R b £ 2 F & K Lachus tropicalis Fo%t et )N )N &%
Oligonychus ununguis ¥ £ @ R B E ey 2, JF R X AAP 3625 7 X a9t L ek & = & A KiEE
BAFRAZLBZIGH, R BT ATAE L 30% RO KB g R 3o # )6 3d, sF R
K9 B 27T 34 91.14% , K T AL UAV 89 B 3(70.99% ) 5 A TAE W vk 36 22% 9 4t - 32 5 B & 15 7
6 0004 3& J& 3.7 F7 14 d, T4+t /1y R 89 5 2L 531 A 77.74% .86.34% F2 91.47% , 5 4% UAV " 3
450 mL/hm?> 22% I 4t - 5255 B B35 7 09 b7 3 £ F R B2 (53] 4 75.59% .84.64% ,89.82%) ; A TAE k.
324 75 R0 ARG A A 539.82 70/hm?, A AAAR UAV 69 1.024% ; 4% UAV 69 4F b B A& = & 5
1.78 hm*/h, s A TAF ks 25 44 VF Al oIS BE 2 72 424 0.06 hm/h, BT £ 45505 H 9 VE L B3R 5 T 28.67%.
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Comparative analysis of control efficacy and cost-effectiveness between plant
protection unmanned aerial vehicle spraying and manual application for
major pests in chestnut orchards
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Abstract: To provide precise control strategies and highly adaptable technical solutions for large-scale
chestnut orchards, a field experiment was conducted on May 15, 2024, at the Wanjishan Chestnut Base
of the Shandong Institute of Pomology. Two application methods—plant protection unmanned aerial
vehicle (UAV) spraying and manual application—were compared in terms of their control efficacy
against the two major chestnut pests large chestnut aphid Lachnus tropicalis and spruce spider mite Oli-
gonychus ununguis. Pest population reduction rate and pest control efficacy were evaluated after appli-
cation, and cost-effectiveness indicators, including productivity per effective working hour and effective

operating cost, were also analyzed and compared between the two application methods. The experimen-
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tal results demonstrated that manual application of 30% flonicamid-nitenpyram water-dispersible gran-
ules achieved a control efficacy of 91.14% against L. tropicalis at 3 days after treatment, which was
higher than that achieved by plant protection UAV spraying (70.99%). Moreover, manual spraying of a
22% abamectin-spirodiclofen suspension at a dilution ratio of 6 000: 1 yielded control efficacies of
77.74%, 86.34%, and 91.47% against O. ununguis at 3, 7 and 14 d after application, respectively. These
values were not significantly different from those obtained with plant protection UAV spraying at an
application rate of 450 mL/hm? (75.59%, 84.64%, and 89.82%, respectively). The effective operating
cost of manual application was 539.82 yuan/hm’, which was 1.02 times that of plant protection UAV
spraying. The productivity per effective working hour of plant protection UAV reached 1.78 hm%h,
whereas that of manual application was only 0.06 hm*h, reflecting a 28.67% improvement in opera-
tional efficiency for plant protection UAV.

Key words: plant protection UAV; manual pesticide application; chestnut; Lachus tropicalis; Oligony-

chus ununguis; control efficacy; cost-effectiveness
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W ZE Castanea mollissima J& 5% 3} FL 2L & Casta-
nea, =R EFFEA AR Z — R RZY300 7t IIAR
AR E NI T 77 X 22—, Hrh 2 e i S T
FRZ1.7 77 ho? (HAE M, TR B KA RRAL
D R E R A, SR Lachnus tropicalis FEF
/N Oligonychus ununguis 353 J& M A T Fint:
A EryFERE AR E AHAESIHS, ik
JUERA ™, SR - I K 518 . tdh i
TR ZMAEAE L st b, 2RR 3% 07 A AR iy -

5455 N TAEMAH L, A8 £% 6 A AL (unmanned
aerial vehicle, UAV) SEAE /L8R w8 15 240 B U 45
VEZ 4 MBI 7 P i IR DR SEAZ O A 3 s R BRAR
by H A T 2 TR R A 2l BR
4N TJ5 T . ITEEAR REOR UAV 85 T b5 45 84 Vitis
vinifera(Sarri et al., 2019) Bk Prunus persica(Meng
et al., 2020) . 3% % Ananas comosus (Wang et al.,
2020) . Mt 4% Citrus reticulata (Martinez-Guanter et
al., 2020; Meng et al., 2022) . K J& S Hylocereus
undatus (FE P55 ,2021) .45 Prunus armeniaca (Li et
al.,2021) 35 Malus pumila(Wang et al.,2022) \ZY
Pyrus prifolia(Qi et al., 2023) FIAKJK Carica papaya
(Ribeiro et al., 2023 ) FF A4 . HFTSE TR
UAV 1 iz 18 22 8 v 78 W5 55 W0 TR 16 AR 6k vh o0 A L%
B a5 R AR DU DA FE R R 55 1 | ATk
B e BE AR S SR N RO . Bl MR UAV &
AT i 55 e BRI, BT 22 1 55 T 25 AR B Rk AR A
FLR | (Meng et al.,2020; Qi et al., 2023 ) ; Fifif UAV
AT R P T A S B X R AR RS
(Wang et al., 2020) ; Zhang et al. (2016 ) il i 50 &
PUAE LR UAV 7E 1.0 m 55 B2 T AR AT 345 A0 i ik

A3AT, IR 0 7 i 30 0, DA B TR 8 R
FECE /N HE MR AR 5], H oI ROY A
AR TR B 58 T2 AR 568 5 38 5 1 IR 4 A 5 ZE A0 AT
25 (2020) AIFFE 45 5% /R 7E— 2 Y FEl I K5k %%
ML IS 5t T LA 0 5530 76 A SR el 22 A R, X
S5 10 75 L/hm? B, A i 2 1) 5 i 2 P A R, B i
A TR B, B Esca s , Y e T HA s 55 i
Meng et al. (2022) fff 57 45 5 & W1 75 W79 7 o 38 5
AT, 2R far B8 774 30 L A9 K5 T30 AH Ok UAV I T2 A
fie 114 20 L 4 T20 AR UAV, Jt HU2 e MG e 2
5 BRIV A (2023 ) 3 o BET A0 e Y TRAT
2m, CATIESE 1 m/s JE0E 7 m B, KHE T30 A% UAV
X i SR A R RO B A, A0 TR B T16 1 T20,
FE PR UAV BSRTEAR ML 32 1, {H UAV & 75 7]
DL T B i SR b 32 3 i, O Al S -
U BN , A 85028 AR AR RCRAE
15 N AVt 25 10 25 S Anfa S R vE 48 .

Sk R TR RE U S el B2 (AL o %) B s T B i
ERCPERE AR 73,2024 4F5 A 15 H T ILER A BR
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TR, I sk Al it 245 5 X VRl /N A 77 3
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2l (L&) e A7 B R 5 30% 8UNE H ok e « 45 g e
}(10% flonicamid*20% nitenpyram ) 7K 430k 5 , 5
AR BR AT R ak S e R TS PEF 1L
RAFLT RN BRA R,

PS4 - SWBD-20 B\ T35 1 2 i 50
M55 % , B N T BEAR S5 8% ) 5 T60 Mk Jo N KA,
i 24 R AT 2 6 /s, BE R 2.5 m, B0k,
MYk 75 L/hm?, I KRR R A IR A
1.2 A&
121 HMEEREEZS G XX B

2024 45 7 15 HFE LR R 98 iir 7 35 1L
M BESE M AT o 0 I T 1L -, S
7K F-HES , Ak s Aol B, AP AE AR 29 1 hm',
WHIS 13 452048, BRIE 2.0 m, F7HE 2.5 m, M SEA - 24
5 3.5 m, RAURT B 2 R P LIE BT T
Ao MEZyEHE] N 5 H 15 H 06: 00—08: 00, # 5 1F1H
WA, TR 25 AT 1 d B9 15: 00—18:00 I ¥ by 5 4L
M HF R ARG . 25K, SR 15~20 °C, AN
T 60%~70% , Wi <2m/s, 5 Ve 544 156
B3I, T AEI 3 A/ MK A INX K230 m,
L2420 m, BEALIX ZHHES . A5 R FH 30% FUAE A
P e - J WE HURE 7 ¥ SE ORI , SR FH 229% BT 4 - 2 05 T
BiE L /N TCRE , 2R HITR ) 5 2

TE B 6 ARG 5 R AT i /N T s, 229%
o] 2 - BER s T A2 0 R R 245 5 5 500~7 333 f%
T, P N Tt 245 A5, 309% F60 I HR IR iz - 04 e ERL g 1)
5% it 7] oA 150 g/hm?, 22% o] 4 - W2l g 11 1% it v
JE 41 6 000 5, W3t 351 4 187.5 g/hm? K 33X 1
A& U AR IR W, AN A Bl Bh 7 5 5 R E A AR
UAV St 24 S5 RS R AR UAV ARV F 2
2K A T 2, IR UAV Jiti 24
A, 30% FRUE HUPHE - S TR R 150 g/hm?,
22% B 4f: - B2 05 15 174 W it 7] £ 43 00 24 150,300 FN
450 g/hm?, FoFPS HGRTEBCHEH] , [RIEHZS I 150 mL/hm?
B KB B, BRSO 1 2R UAV S22y, 33 4
RV AR T K R X B W2 T AR T, o3 BIAE AR
AN/ 3 AR AR AR, B AR SEA AR AR RS PG b
AT BRI AR S, il 245 i L T e R 2%,
AT IR/ TUlE AT () o 1 B0 i 25 )5 3.7, 14 d
B 1 RARCA S DR A A b 3y
FIRGR SRR, R E el 8= Ot 24 i A 11 25—t
24 )5 d 800 /6 24 i HL 04 100% , B VA RCR= (b
FHIX HL P 9R R X IR X 1 J8R %2 ) /(100X B IX
AR ) x100% o

1.2.2 WA 7 XA A &E T

HRAE ALK A 7105 7775 ) (GB/T 5667—
2008) , DA 50 AR SR Tt 25 /0l , A 1 hm? [
FUREETT , 090 WA UAV R T ARVt 25 9 T
YERCR BRI A RG2 E A, i R UAV
H5ANTAR RN A =R AEb /N A = oR=
Az 7 2 A 390 18] (R B U A /A 77 2 42 30 ) A R
VeV FI] o 4523 R AR UAV AT A b s 1] 43 51)
70.56 h F116.88 ho THEAFLR UAV 2571 2% HIF, LA
B v B it /N TCRHG 330 3 e () A B (450 g/hm?) A 6]
HEATXT L AR AR UAV A BT 2% FH 2 300 J0/hm? 5 2455
B FHFNK B4 B T S M 4 R0 555 A 3808 B Al
ASEFRAE TSV T S ok B 55 8l 1 2
25038 R
1.3 s

K H SPSS 19.0 3k ik s gk s 21 v g2 it 34,
= I U4 bV FH Duncan [GHT B W 22 2h b 45 22 57 b
EERLT , I Z R ST REAS ¢ K B0 vk 04T 25
S R

2 BFRESMH

2.1 REMEZF T E K EFAIBA R

N TAE b Wit 30% i RE HL Ik e - 475 e R 5
3.d, JER I Ay HL TR AR A R, Al R
91.14% F191.61%, &t % = TAE LR UAV 19 5L H R
#(70.99%) (P<0.05) FBH L (72.33%) (P<0.01) ; A
TAE ML Wit 30% FNE HL Ik i - Hs etk f5 7 d, SRR
S %) e 11 B SRR 50O I [, 4301 R 85.91% I
89.30% ,4/5 5. 3 i TAR AR UAV (1 5 8GR R (43.92% )
(P<0.05) FIB54 (57.36%) (P<0.001) s X TAF M Wit
FIHL P UAV W Jite 30% JME HL Ik e - Js e R RE J5
14 d, S ) HLE1 R S RN B8 B 2 de I, L
U Z 351 A 38.32% 1 63.93% , H. Wi it 24 7 X
TR 1 H T RGR 2 R 25 SO i 2 (H AT
£ RE(P<0.05,%1),
2.2 AEIHEZAARITE T /INTURRI B R

N TAEM Wit 22% BaT 4 - #2277 57 6 000 £
WG 3.7 A 14 d, E1 /N TCE Y 810 R 4351 R
73.73% . 82.97% H1 85.52%, B %% 43 9 N 77.74% .
86.34% M1 91.47%. i UAV Bijifi 450 g/hm? 22%
B & - BRI TRR BRI 3.7 R0 14 d, /N TUE £
FRGE 220 38 76.01% . 81.07% 1 82.64% , Bli 553
K 75.59% . 84.64% F1 89.82% , 5 N TAE M jiti 24 2%
A s HEOR UAV I3t 150 g/hm? 229% P4 - B2
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BT RIIG 3.7 A1 14 d, /N TUlE ) P sGER R 5y
WK 42.73% .55.25% F152.49% , 73453 591K 51.36%
63.90% 1 71.80% , 31 B ZE AL T N TAE it 24 A
UAV i 450 g/hm? 229% B 2 - B2 Fi 2y 751 (14 HL 01
U AR SR N B AL (P<0.05) 5 # /% UAV Wit 300 g/hm?

22% BT 4k - BRI IR AT R 5 3.7 Fl 14 d, B/ TS
1 R R0 918 54.19% .61.29% F1128.94% , i
533N 61.00% . 68.90% Fi1 58.35% , 4 i FH AT A
TARME L FE IR UAV Wit 450 g/hm? 22% Fif 4 - 152
WG T A2 7 1) %) ML 1 R R AP R (P<0.05, 38 2) ¢

R1 AEMA T EREFHIBIR

Table 1 Control efficacy of different application methods against Lachnus tropicalis %
Ji25)5 3 d Ji2)5 7 d 255 14 d
Wiz 7= 25N AR = 3 days after application 7 days after application 14 days after application
Application  Pesticide treatment R = [ HUTEGR 2% 53¢ HOEE = [
method and application rate Population Control Population Control Population Control
reductionrate  efficacy  reduction rate efficacy reduction rate efficacy
X CK -5.51+1.58 ¢ -32.12+2.76 ¢ ~71.15£13.05 b
NLAEE 150 g/hm* 30% 91.14+1.87a 91.61£1.67" 85.91+2.91a 89.30£2.41™"  38.32+3.94a  63.93%1.15
Manual FRUNE S IR e - A E H Y
application 150 g/hm” of 30%
flonicamid - nitenpyram
FARICAHL 150 g/hm? 30% 70.99£7.76 b 72.33+7.32  43.92+6.81b 57.36+4.17 192649.64a  51.07+6.65

Plant RUNE HL M - s ke
protection 150 g/hm’ of 30%
UAV flonicamid - nitenpyram

F B R AR E RS . RPN TE NG TR IR 42 Duncan [ B M 25 R0 06 25 53 .35 (P<0.05) o %, %% e R
AR PR 27 (8] 28 00 ST RE A ¢ Gy 56 v K 56 22 S I 2 (P<0.05 8§ P<0.01 8] P<0.001) ., Data are mean+SD. Different lowercase letters

within the same column indicate significant differences based on Duncan’ s new multiple range test (P<0.05). *, **, *¥* indicates

significant differences between two treatments based on an independent sample 7 test at P<0.05 or P<0.01 or P<0.001, respectively.

2.3 AEEZ KRR A% 5 b8

e FEGE N T ARt 2577 b, N T 4% A [a]
3 7.50 Whm?, 7K &4 1 125.00 kg/hm?, 43 91 2 4
1% UAV 19 13.33 £ F1 10.00 1% 3 A T A Jiti 25 1) 5
N B 25500 3% BUARAR T RE R UAV, {H AR LK 3%
57 8h 1 3 A & FAE R UAV, e &80l AN T A
it 24 7 X A s A B R, R 539.82 J0/hmy’,
FEAE R UAV 19 1.02 4% (38 3) 5 W4 Fliti 24 77 =X ite 24
14 d J5 X /N TClE (8 B 30022 5 A8 8.3, 43 il o
89.92% F191.47% (£ 2) ; F & UAV BVE ML /N A=
FERR A 1.78 hm/h, T TAE M it 25 (8 VR Mk /N A
77 ERAL R 0.06 hm*/h, Hif & 55 5 B9AE L A80R 3
T28.67%(F3).

3 it

ABFFEEE T 7R FH 30% FaU0E Bt M « s e o i
JK A HeRE) GRE A 150 mg/hm?) B T6 SR g, A
TAE R B IG R THI AR UAV BRI 2 A
R LA E ] i R T2 L A e
PKAEH e EARBE, (HALY UAV BB IR ROR 2
XEWELER T FRARE UAV (9 2508 OB I

FRAH . HETR UAV A9 5555 UL RCR 5 A R UAV 2K
R CRAT R AT BB RO E R 25 A
FEFAE P A 06 (FEHaAEAE 2021 5 W% 55, 2021
Chen et al.,2022) . T —$45 G k13 B0 L
B A ] TR A AAE R UAV 2R & S 80% &, 2
AR UAV XECT35 HUB B

B i IN TG 22 L, oSl AR 0y 2 il P e X T
T, 1 R R AL SR L BRI IN I A 5
Sy 2 RAFEME, A TR, B AT
EREARFP R ECR , PR] L 7 L B R Ak R B SR A R
UAV #4740 22 B i6 , B A B 5 25 IR A O . Bl
Y - MRS T A Ak R R SRR, FLAR BRI,
Jiti FH 7 d PN B Ak P ] 174 SE K 577 3502 B kG . A
245 R WA O UAV Wi 7 12 450 g/hm? ] 4 - 152
TG 14 dJ5 AT A R WA /N T, O H 5 T AR
b i ) B 187.5 g/hm? B 24 - W5 g 11 FH (1] 575 %50 AH
Mo AR UAV AR B 285 05 & By By 550 2R ik ek
Bk SEUGE 2 TR P50 A e i 3 T 55 VR 7 o SR RN G
RRFA , 2 1T 4 1 917 88, (ELAELOR UAV 9 M09 14 BE X i
T 55T 7 2 NGB A S s e (R R 2
2025; FIiF%,2025)
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Table 2 Control efficacy of different application methods against Oligonychus ununguis %
P—— %J53d #Jr7d ZJr14d
Wiz iy Z.‘ 5 G 3 days after application 7 days after application 14 days after application
Application PSSO MMMt Ty i ik mORER B ROREE  BK
method l;l;te Population Control Population Control Population Control
reduction rate  efficacy reduction rate efficacy reduction rate efficacy
R CK -17.75+4.77d — -24.78+10.79 ¢ — -71.01+£7.32 d —
NTAEN 229 B2 - B2k g 73.73£5.69 a 77.74+422a 82.97+1.78a 86.34+1.09a 85.52+3.09a 91.47+2.18a
Manual EIFEH 6 0001
application ~ 22% abamectin * spirodi-
clofen suspension diluted
6 000-fold
FAETEAML 150 g/hm?® 22% 42.73+2.48 ¢ 51.36+0.89 ¢ 55.25£2.26b 63.90+4.78 b  52.49£2.05b 71.80+1.35b
Plant BT 24 - W T 751
protection 150 g/hm’ of 22%
UAV abamectin - spirodiclofen
300 g/hm* 22% 54.1942.62b 61.00+3.70 b 61.29+1.12b 68.90+1.91b 28.94+3.08 ¢ 58.35+3.58 ¢
AT 24 - BRI TR A7 )
300 g/hm’ of 22%
abamectin - spirodiclofen
450 g/hm* 22% 76.01£1.60 a 75.59+1.68a 81.07£3.75a 84.64£3.97a 82.64+1.31a 89.82+1.19a
A 24 - W P P R
450 g/hm’ of 22%

abamectin - spirodiclofen

TR B R E RS . RIS R FBE 7R 22 Duncan [GHT & 2224650 22 55 1. 3% (P<0.05) . Data are mean=SD. Dif-

ferent letters within the same column indicate significant differences as determined by Duncan’s new multiple range test (P<0.05).

®3 WEEAFREZ T XA LR

Table 3 Cost-effectiveness comparison of different pesticide application methods in chestnut orchards

X ) DT 4% A JK i 134032 AR Effective operating cost/(yuan/hm?) ﬂzﬂkd\ﬂjifz *
it 25 7 2 Labor input Water Productivity per
Application method .~ (h/h]:nz) consumption/  JK%% 578 1A 257158 AiF effective working
(kg/hm®)  Water cost Labor cost Pesticide cost Total hour/(hm*h)
FRTE AL 0.56 112.50 4.69 300.00 222.19 526.88 1.78
Plant protection UAV
AT AR 7.50 1 125.00 46.88 360.00 132.94 539.82 0.06

Manual application

AWFFAEIA T AL S LU MR UAV LABTIR
Bk /N T RCR B 25 N Tt 24750 5 187.5 g/hm?
B ATE .55 22 S B ) i 450 g/hm? R 34T 200, A
TAEMV A OB AS B = T AR UAV, B R BLE
575 R AK B L, N AR it 25 75 2 KR Al K
A [ A7, AR /NS AR 72 2258 0.06 hm?/h, 111
AR UAV BIVE M /INB AR 7= 23002 T AL 9 30 1%
YEMPRCRPE R T 28.67%. R AR UAV BHFE1E L
A LA 90% Y FH K &, e T SR el /b B 2R K I
IRl BT DI PR UAV JE 5 38 A T /N Tl 1
R o E R BT T A RUSA, R TAE
WAL 3X 5 EHAESE(2023) IMBFSE 45 SR —30, M
Z R UAV Jiti 25 AN REAE 5L REAR 95 8 91, 1 290K

BRI, B ARV R Bk, T L AT LG g
PEHRATE, AT LURE S AN 53 I B R I (a2 fi e 24
KR 25 rh 2t sl AR D Y KUK . [ELARLOR UAV i
RGN T AR 55 B o5 & 5, U™ AR
B AT RIS, [7] IR ZE45 5 U 1Y
J AR A, e B A B i s 3008 0 YL A A 24 R o
HATREAL BTG . T — 2 A5 S AR RRIE A
HUEFE AR UAV “ITS5, S — (B )
— O —T7 58, D AR 2 1 A B e 1l AL
AR IR AR SR (Lo
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