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Abstract: This article is the first to conduct prevention and control experiments on rubber tree powdery mildew and
anthracnose using a heavy-load plant protection UAV (FBH300T), analyzing the effects of flight heights of 3 m, 5 m,
7 m, and application amount of 60 L/hm?, 90 L/hm?, 105 L/hm” on the distribution of droplet deposition on the upper
and lower leaves of rubber trees. This study found that flight altitude and application amount has a very significant im-
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pact on droplet density and droplet coverage. It has been selected that the optimal application parameters for this aircraft
model are a flight height of 5 m above the canopy, an application amount of 90 L/hm’, and a flight speed of 5 m, this
study utilized a new specialized agent 19% Baoyeqing ME, which can simultaneously treat various leaf diseases of
rubber trees, as well as efficient agents such as 60% sulfur powder SC, 45% pentazolamide EW, and 50% sulfur triadi-
mefon SC, which were used in conjunction with heavy-load plant protection UAV (FBH300T) to analyze the control
effects of each agent on the powdery mildew and anthracnose of rubber trees. The results showed that among the four
single agents, the 50% sulfur triadimefon SC had the best control effect on powdery mildew, followed by the 19%
Baoyeqing ME; The best control effect on Anthracnose is 19% Baoyeqing ME, followed by 45% pentazole imidamide
EW. Under the mixed application of chemical agents, the best control effect against powdery mildew and anthracnose
was achieved by mixing 19% Baoyeqing ME and 60% sulfur powder SC at a ratio of 1 : 1, followed by mixture of 19%
Baoyeqing ME and 50% sulfur triadimefon SC at a ratio of 1 : 1. The experimental results can provide a good reference

basis for the maturation of UAV flight defense technology and the selection of special flight prevention agents for rubber
tree leaf disease.
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Tab. 1

Basic information of heavy-load plant protection unmanned aerial vehicle (UAV)

TABLILTSE UAV geometric parameters

kAT Flight performance

FEH% Index JUTZ % Geometrical parameter

F8P5 Index 1 HE S8 Performance parameter

BLAY FBH300T
IS BES AR /m 32
B BE /m 1.0
BB B R 98 B /m 1.5
LT IR B /m 1.5
HLE B /m 3.2
it 2%2
SR 95 SR
RN H/w 47775

HEATHE/(km-h ") 20~80
e KU /(km-h ™) 100
S TR /m 2000
BRI /b 1~3
P/ (m-s™) 12
2P kg 150
55 far 2R HA T kg 140
R G E kg 300

A: Jent; B: MUK C: 24 2 ANZ5FE; D BEAFS
E: Wik F. 24,
A: Paddle; B: Airframe; C: Medicine-chests; D: Spray lance;
E: Nozzle; F: Support frame.

B 1 FBH300T WitEAHAMNEREAVNREER

Fig. 1 FBH300T heavy-load plant protection

unmanned aerial vehicle (UAV)
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Fig. 2 Operation scenario of FBH300T heavy-load plant
protection unmanned aerial vehicle (UAV)
in rubber plantations
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Tab. 2 Flight parameters for treatments at test site 1

fb 3 RiTEE TR
Treatment Flight altitude/m  Application amount/(L-hm?)
1 3 60
2 90
3 105
4 5 60
5 90
6 105
7 7 60
8 90
9 105
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Fig. 3 Layout of sampling points and route design for experiment at test site 1
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Tab. 3 Design of field application of chemical agents
at test site 2

4 245 i

Treatment Reagent Dosage/(g-hm?)
1 19%1% 3% ME 2250
2 60%M fitf B SC 2700
3 45% )M PR ERE EW 2250
4 50%fi fif- = s i SC 2250
5 19%PR-ME + 60%BRfiRy 1 : 1 1125+1125
6 19% i 35+ 45% I3 5 - I Tt sz 1500+750
2:1
7 19% DR H1E : 50%B0 6 - =MW 1125+1125

2 HR5H5H
21 KRBEEFHEREANAFB CITSHNER
FENZm

FBH300T BUHE 3 K 28 faf 1 Sh AL AR TE AMLIEAR
I) A e E i 24 e () IE SRS A SR o, 7 KA T
BN 3 m g 3 AN BEE 25 H R 90 L/hm® B
R E R, 15 40.93 NMem?, T F 2%
WHEN 2513 ANem®, M2 RGNS 105 L/hm’
i, S5 2 TR, T EMN R NSRS
J# (24.40 Mem®) BT FJZE (2270 Hem?® ), HIR
Al e B E)ZE 3 m I RITEE T, KRB
T AMLSR KT RS 7RG 5E 5, g
JEE A A R o R B 8 5, T L 3 2 s S T35
AN R e, RS — R R
THWNFBEEM T2 R g, Hdffik
AT WTE B . 7 AT S m i 3 4b
A, KBTI AMLAY T R 2 (A A A
Mt i gl (R A s, DR 2 YT A
Xof ¥ 50 MGG 2 AR B EZ AR R R, JF HLIE
R AREE 2, M2 N 90 L/hm’ if, L
T2 B B R, 23 R 39.53 .31.07 4N em’,
FERATEE A 7m B 3 b PR, 5590 % 5 bt
2yt RN TR, MAEZ5 B 105 L/hm® B,
F.  TEMZREERERK, 2500 3140, 19.13
Afem® (F 4), BFEF RITHEEN 5 m/s BB,
TRAT R BE Y T2 4 0 55 35 190 R B TR AN K SF f37
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Tab. 4 Effect of different operating parameters of UAV on droplet deposition
MR G5 R
Ab 3 AT ) E@gi Droplet density/( droplets-cm ) Droplet coverage rate/%
Treatment  Flight altitude/m App"/‘(’aLtf}i’;%‘)"O““t T2 T = o
Upper level Lower level Upper level Lower level
1 3 60 32.47+1.07° 18.45+0.48" 3.29+0.02° 1.81+0.03"
2 90 40.93+0.74" 25.13+0.45° 4.12+0.01° 2.81+0.09®
3 105 22.70+0.40" 24.40+0.30° 2.24+0.07° 2.51+0.02°
4 5 60 27.33%1.00° 17.23+0.45¢ 2.81:+0.04¢ 1.63+0.08¢
5 90 39.53+0.76° 31.07+0.15% 4.01£0.07° 2.85+0.04°
6 105 34.43+1.11° 21.03+0.38¢ 3.28+0.06° 2.73+0.04°
7 7 60 21.47£1.06" 12.40+0.44" 2.29+0.07° 1.46%0.05"
8 90 30.03+1.68¢ 16.73+0.40¢ 2.84+0.07¢ 2.03+0.09°
9 105 31.40£0.72° 19.13+0.21° 3.37+0.05° 2.16+0.08¢

He FSIARFE/NG FRERR2Z 5 B3 (P<0.01),

Note: Different lowercase letters in the same column indicate extremely significant difference (P<0.01).
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IEASIRIS Ty 22 A e SRR B, AT At
2y TG Y P AELY/INT 0.01, % 25075 2% 5 e BL
ot R (R 5), FEHARKK LERTZEH
FEEEAR R R Nt B 25 S
FEM 2253 M 485 SR 7R, S MAAR A 2517k 4 1 2

HEE M2 &, KO WrsE, gmb. T
EEHFENRZLNEE (£ 6). LE%S
%, FBH300T BUje 3 K Z far v A & To AP AR
B B AR S BN ITE )2 S m, kAT
P 5 m/s. MEZ 5 90 L/hm? i 55 25 B f K

*k5 EREEFESN
Tab. 5 Analysis of variance of droplet density

K -5 il H i EE ¥J5 P p B E M
Source Sum of squares df Mean square Significance
it 24 £ 319.833 2 159.917 1115.236 <0.01 ok
CATE 278.084 2 139.042 969.659 <0.01 **
i 2+ RAT R 137.203 4 34.301 239.208 <0.01 ok
wE 2.581 18 0.143

T P RR 2R WMEFE (P<0.01),
Note: ** indicates extremely significant difference (P<0.01).

*k6 EHBFEMESN
Tab. 6 Range analysis of droplet density

WA it
fahr Flight altitude Application amount
Index L T L2 T

Upper level  Lower level Upper level Lower level

K, 96.10 67.98 81.27 48.08
K 101.30 69.33 110.50 72.93
K; 82.90 48.27 88.53 64.54
K ¥E 32.03 22.66 27.09 16.02
K YE 33.77 23.11 36.83 2431
K YE 27.63 16.09 29.51 21.51
e 6.14 7.02 9.74 8.29
B 5 5 90 90

22 KBFTHERLTANAR RITSHMNERF
BERNZE

T5 T T R R it 24 B 55 T P S AR R
RS EY B E L, BRI AL
Jiti 25 1l 5 1 T S AR, FBH300T XUHER K
Ay Vi SN AE PR TG BT 553 78 15 3 10 1IE A ik g 45
R R, TEMEZE 50514 60 L/hm® F1 90 L/hm?,
M2y Ry, . TR E SR T

FER TR, UEPH G2 AR FIRT, B CAT A
FEMFEE, SIS AE AT J5 ) bR R
i 25 A0 B PERRAR, S22 A A 550 B TS
R, UM EIEE R 105 L/hm?® B, FEEHE
e R AT S TR R, N 25
TR AT R T R TR MR R
TTEEANEREN T, ¥nitziE L. TR
e AR Z O, R ATEE A 3. S m i
AhBEep, 2SR R 90 L/hm® B F . TR K5 E
B R M CATEER 7 m iR, gy
R 105 Lhm® i F ., FEMEHFERRRK,
ULEAAH R A CAT R R, it 24 = A 3 i 48 m I
TEMSHERLSE (£4),

IEAGR IS Ty 22 A& SRR B, /AT i it
2y Tt P AAEY/NT 0.01, XS R E
PUA A S R, I HOR TR B AT e B it 2
Xt b2 T R N A o A R (R
7)o M TR ENNER TR, HWR R
SR EENRE AR, HKE
TR B, s b T 255 % R R R R
(£ 8), ZEE428, FBH300T XUiEs K2k

R7T ZRBZEXEFESW

Tab. 7 Analysis of variance of droplet coverage rate

HK i Source 75 F Sum of squares H & df Y77 Mean square F P Wi %Pk Significance
Jiti 24 £ 1.385 2 0.692 233.077 <0.01 **
AT BE 3.755 2 1.877 632.014 <0.01 *ox
Jiti 24 e+ AT 5.528 4 1.382 465.233 <0.01 o
B2 0.053 18 0.003

TE: R ZRWEE (P<0.01),
Note: ** indicates extremely significant difference (P<0.01).
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Tab. 8 Range analysis of droplet coverage

AT L
Febr Flight altitude Application amount
fndex LR T2 LR T2
Upper level Lower level Upper level Lower level

K, 9.65 7.13 8.39 4.90
K> 10.10 7.21 10.97 7.69
Ks 8.49 5.65 8.89 7.40
K ¥1ME 3.22 2.37 2.79 1.63
K, ¥1E 3.37 2.40 3.66 2.56
K¥E 2.83 1.88 2.96 2.47
W2z 0.54 0.52 0.87 0.93
BAKF 5 5 90 90

T SR T AN 1 B AR S50 /AT
BEE R 5 m. RATEUE 5 m/s 255 90 L/hm?
Ak 55 Tk 7 2 R K
23 KEFEFERT ALK E 257 33 55
B “WRT BIBAIERR

ARG AEAR I IR . I 2 R AT
W, AR AT AR IC BT T 2 EB 2y,
B2 S 7 d BIBTIR SRR, 7 A2 Ab B
XF 2 FR E R — B RL, ARNRIALBEZ [A]
I I R L IS TE B L BT B AR A

FEFL T AT KRB R Bl R A
SRR 5 (19% R M REELA © 60% 0 i f 2 77
1: 1 IRAEL), MXTBRGE 82.35%, HUJEALHE 7
( 19%5 M35 TFLF © 50%A it - = w M) & 77 7
1 LIREC ), HXTBIEGE 80.05% X A% AR 1k JH.
s Bl R b O AL B 1 ( 19% IRy ALl ), AR
XTRE R 82.78%, HKJEALFE 6 (19% PRI i
FLA ¢ 45%5me- DRI K 2L 2« 1 IREL ), AHXT
Biiih 81.41%. 4 A ERF5) b 35T 1083 9 1) AH KT By
BRI A = 50% M it - — I ) B 77 71> 19 % P I 185 o
FL 7 >60% B filf 43 5k 17 77 >45% 13 W - DR ok e 7k L
F 5 XA (A AR B KK = 19% PR I8 il
FL A >45% 136 W - R Pk B 7K 2L 770 >50% B ik - — s
BIEHN>60% B A 27 (£ 9 ).

ZEAIX 7 25500 A0 BR53 BIRE F AE R R JE
IR RCR R, 19% PR HHIE LA 60% M fif 4 A
AL s TIRES, DAL 19%0% M1 el 50%0
Bt = MR VR 1 : 1 TRECT R AR JEL R (1)
Bk 84 AR . FE PR AR PN R, AT RLSS B K
s DX IR A AR R AR OL . S ERERE . R AL
Tl FRE A5 DX S 3 R AR DA T AR A B B R 24 7
IR AT F PR

RO TANMMEEHBBRE. REBUBIAR

Tab. 9 Control effect of UAV on rubber tree powdery mildew and anthracnose

4395 Powdery mildew

#JHJR Anthracnose

ﬁﬁﬁm P 1545 5 3ES AR B2 P 1545 5 aES XS B3
Disease index ~ Morbidity/%  Relative prevention effect/% Disease index ~ Morbidity/%  Relative prevention effect/%

1 23.77£0.42¢  62.33+0.58¢ 71.66=0.62¢ 5.07+0.15" 17.33+0.58° 82.78+0.05°

2 24.77£0.35°  77.00+1.00° 70.35+1.47% 20.10£0.30°  76.00+1.00° 31.02+0.31¢8

3 30.03+1.27° 74.67+0.58° 64.04+0.33" 8.70+0.10¢ 27.67+0.58° 70.33+0.94°

4 19.30+0.26° 52.67+0.588 76.62+0.85° 9.87+0.21° 24.00+1.00° 66.24+0.33"

5 14.83+0.35° 38.33+0.58" 82.35+0.17° 6.60+0.10° 16.33x1.53% 77.26+0.37¢

6 25.23+0.06° 57.67+1.15° 69.41£0.76° 5.37+0.12° 15.00£1.008 81.41+0.54°

7 16.00+0.52" 54.67+0.58" 80.05+0.28" 6.10+£0.10° 18.67+0.58° 79.32+0.04°
CK 83.33+1.53° 99.67+0.58" 29.1040.75*  70.00+1.00°

I B R/NG F B RoR 28 5 3 (P<0.01 ).

Note: Different lowercase letters in the same column indicate extremely significant difference (P<0.01).
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EHFFEUEN, R PR IC AR L RCR 5 T
ABUHLEL AR 2%, KB B AR AR Y 2 4 5

SEFFRHEDIARCEY . H RS AR R Y
R ICAMHLRL R D, SR RIS TARTT A

R o BIEPREUIR HEZ5 Bl 15 L 1Y E-A2020
DU i 3 /N B FL Bl T A HLTE S AR IR | b AT kAT
SR RE, Tk E2 R 75 L/hm® FINE 5 RAR
100 pm A fc FEMTIE S 40 AWFSE W 2 024t
FI /NS 22 i S AR PR TC A HLIEAT AR A g
AR, EPIHEZ N RS E R T
FEXG/N, ZRmEEE2, b 2R 2
5 i 3V A5 [P 8 I 2 A R T B e e el b oz T
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JEB P, I T FBH300T K a8 E A TG
AL AT a7 BE it 24 28 X AR B i e 5 i DORR 43 A
MUSZmaBIESY , GRiE i RATEOE R S E Sm., izl
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Pl it 25 250, SR R B far Jo A HLEE AR 55 3
KERHET R, PRIETC AR E . SR, &4
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TR R FIE L B PEM AR UE o B X5 3R AR A AN ]
R FIRES . ST HIR SRR, AT
B TEFNSE e PR R AR AT RATR
ATSH. BN RGE L DT R AR, IF
T UBCE A 25 VR M bn v BB R MR, (W] )
ST ERAHN Y BT E AR, XE M SSCR R R
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DIRYTE % N
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WAT R HH AR R . TE VR T, AR
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FHRESS FTE R TA T RO A TR Br Be (BAH L it
P AT IR W) A FE iRt ek HaE
S, TERERATEE, SRR R
B TBAR AN AT RN, O HLRE R R
TSR E, AR AR TREM LA H AL 3 F
AR R T PR X A AR FEA T AR G, IR T T Y
BIAMERE S, FE BRI T, ARSI SR BRI AT
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3AN(2R) BEEM, Hrh s & e % i
( C. siamense ) FIRME &R 4ER iIH ( C.
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AT 25 80/0 7 3 500 E, X Ry G B 3Gk
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