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Prevention and control of the rice water weevil Lissorhoptrus
oryzophilus ( Coleoptera; Curculionidae) by ultra-low
volume spray of plant protection UAV

WANG Xiaowu'?, DING Xinhua®, FU Kaiyun®, TURSUN - Ahmat*, HUANG Hongmei’ ,
MULATI - Talimubieke®, HE Jiang®, GUO Wenchao'"
' Microbial Application Institute, Xinjiang Academy of Agricultural Sciences/Xinjiang Special Environmental Microbiology Laboratory
Urumgi, Xinjiang 830091, China; *Research Institute of Plant Protection, Xinjiang Academy of Agricultural Sciences/
Key Laboratory of Intergraded Management of Harmful Crop Vermin of China North-western Oasis, Ministry of Agriculiure,
Urumgi, Xinjiang 830091, China; *Yining Agricultural Technology Extension Center, Yining , Xinjiang 835100, China

Abstract: [ Aim]In order to control rice water weevil overlarge areas, a new ultra-low volume spraying technology was developed,
and tested under the special environmental conditions of a Xinjiang desert oasis. [ Method ] Selecting and optimizing experiments in-
cluding pesticides, spray rates, adjuvants and spray equipment were carried out by using a remote-controlled multi-rotor plant pro-
tection sprayer as pesticide application machine and conventional pesticides for controlling rice water weevil whose efficiency was
higher than 90% as the first agents. [ Result] After pesticide application for 3 d, 7 d, 14 d, and 21 d, the proportion of plots where
the density of insect populations was higher than the damage thershold was 35.71% , 21.43%, 35.71%, and 78.57%, respectively.
The best control effect (93.43%) was achieved by 30% chlorfenapyr and thiamethoxam with the dosage of 187.5 mL + hm™ after
14 d of pesticide application. After pesticide application for 21 d, the control effect by Beauveria bassiana with the dosage of 3000
mL + hm™ was the highest( 84.65%). The spray rate of each agent was positively correlated with the control effect. In addition,
when UAV spray was used to control rice weevil, the average control effect of adding adjuvants could increase 22.29% —28.49%.

[ Conclusion] To achieve precision while minimising pesticide use, it is recommened that 30% chlorfenidil and thiamethoxam SC and
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14% chlorfenidil and high chlorofluorocarbon CS were the first choices against the rice water weevil. In the early and middle develop-

ment of the rice water weevil population, low-concentration applications were sufficient.

Key words: Lissorhoptrus oryzophilus; eppo unmanned aerial vehicle (UAV) ; insecticide selection; field control
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FE7K G T 4y 1 1) B R4 (A 7K AR 5, 20135 Kok
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SC, JEIEiR (IR YE IR A PR A ] 5 1.29% K088, -
S0 EC, AU # R B A BRA ] 5100 787 - mL ™ Bk
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HAFRACAS A R TR AT 15% AR A L
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1.3 FHik

1.3.1 Ikt H/NTEANL 3WTXC6-3 I ( fif
FRe“4x H B UAV1”) Fll 3WTXC8-5 Y ( faj Fx « T4
UAV2™) (141 g A s A BRA 7)) #1717,

HHA R BARE AR SEOE R 1, TR X
S/ TS ek — AR TR A 2y B R
FH BRI BE 25 5 8 — WP BC 4 e B3I A RAL
256 AT IR . RIS 20 AN (B
IKXFHR) |, 25 Ab B2 L PR UL 20 A/
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Table 1 Technical parameters of helicopter spraying in Yili, Xinjiang, 2016

Gk Sk FIHHZ WEIETERE  WATHUE TRtz KA TTH] R A
Helicopter Nozzle flow/  Drop diameter/  Spray width/ Flight speed/ Maximum application Flight duration/ ” 2/ i
. o ) Spray area/hm
type (mL « min™") pm m (m-s™) rate/ L min
3WTXC6-3 Bl k) 150~500 50~200 2.0~3.0 0~8 5.0 8~15 0.35~0.60
3WTXC6-3 (two nozzle )
3WTXC8-5 BU(JUmisk)  300~1000 50~200 3.0~4.0 0~8 5.0 0~12 0.6~1.0
3WTXC8-5 (four nozzle)
B WTEE WP BENEE TR i ] KM AL SR AU
Helicopter Flight altitude/ Flying radius/ Spray height/ Temperature range/ Flight control Reliability
type m m m C stabilization system effectiveness/ %
3WTXC6-3 H( ZHisk) 0~200 0~300 05~5.0 -5~45 GPS JEN EBARHERE R 5L =93
3WTXC6-3 (two nozzle) GPS positioning, super standard
stability system
3WTXC8-5 %1 ( Pumisk) 0~200 0~300 0.5~5.0 -5~45 GPS L, AR E REE =93

3WTXC8-5 (four nozzle)

GPS positioning, super standard
stability system

1.3.2 EEFE BNNXEE S A, B
1 m® BARE R T B AR TA TR A 10 BE, R
“L7FICHRE(F/NREE,2017h) , BERGE T K AR
TR s A 50 Bk, 7 2 R ik
BOHAT IR A, 2505 3.7 .14 F1 21 d P8 A5 L,
A4 18:00—22:00,

HOTGR 3/ % = (it 24 i % BTt 24 J5 1% 1R
B0 /a2 AT TG 2 A< 100

BIARLR/ % = (Kb P X AL 1T kB R - X HE X
PR ) / (100X 8 X HLUFTGE %) x 100
1.4 HESH

% FH Microsoft office Excel 2010 3158 & 1y iB
R OFEIBARER I8 2)E 3.7 .14 F1 21 d b
W= TRiRTE bR e L, SR A SPSS 20.0 4t
T BT A XSS B 217 5 25 534, S 2 1k 40
K Duncan FCHT &R 2215, SCHh 0 iy KDE R H
OriginPro 8 A4 iF4TAb 3,

2 HRE55W
2.1 XBAGFIFEFRBE RS0

A AL FRIA AR K G H 24 05 L 1 B R
R B R B E (P<0.05) (Bl 1,%3)

% T« il 24 S Ak P 1T R ) v
TBiiaTabr (GHrsmas X AE/K 2 H BTG 8 4n o 5.82
ke m?) NS 3.7.14 F1 21 d B EEE T B
TG bR AR b T 5 L BRI R 35.719% ,21.43% |
35.71%%178.57%, 100 fiiF - mL™' BR7 (1B OF
( 254k 2250 F13000 mL - hm ™) 4035 3 .7 .14
21 d REK G H 0 % B I 3 IR (21.2 %
1.1081) AI1(19.7+3.4026) 3k - m™  (16.6+1.6424)
F1(13.120.7662) 3k - m™ (11.9+1.1837) Fl(6.4+
1.0686) % + m™ (16.0+1.1902) A1 (11.6+0.8012)
Skoem WAL RE 1~11,25)5 3.7 .14 F121 d fk 4
HEO®EENT 1.2~12.0% - m (K 1),
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Table 2 Characteristics of pesticide applications against Lissorhoptrus oryzophilus in Yili, Xinjiang, 2016
gpa 1 25K 5 3K X1 B
RS s WA sk it - A
I'reatment Pesticid Dosage/ Water added/ T ¢ additi Aided agents amout/
No. eshede (mL - hm™2) (mL - hm™2) ype of addive (ml - hm™2)
1 20% 58 ML A H B SC 150 1500 - 300
20% chlorantraniliprole SC
2 229%WEH, - IR CS 225 1500 - 300
22% thiamethoxam - cyhalothrin CS
3 229%WEH - HEIR CS 300 1500 - 300
22% thiamethoxam - cyhalothrin CS
4 6% B4k - ST SC 450 1500 - 300
6% avermectin -+ chlorantraniliprole SC
5 6% 4k - FARMBE SC 600 1500 - 300
6% avermectin + chlorantraniliprole SC
6 14% 580 - FEI CS 150 1500 - 300
14% chloramphenicol - chlorofluoride CS
7 14% 580 - FHEI CS 187.5 1500 - 300
14% chloramphenicol - chlorofluoride CS
8 30% 5@ ML - BEREE SC 150 1500 - 300
30% chlorantraniliprole + thiamethoxam SC
9 30% 5@ ML - EREE SC 187.5 1500 - 300
3% chlorantraniliprole + thiamethoxam SC
10 L.2% W8 - 37 508 EC 1500 1500 - 300
1.2% nicotine * matrine EC
11 L.2% B8 - 7 508 EC 2250 1500 - 300
1.2% nicotine + matrine EC
12 100 F - mL™' BRIE IR 1E OF 2250 1500 - 300
100 spores + mL™" Beawveria bassiana OF
13 100 78+ + mL™" BRI IR OF 3000 1500 - 300
100 spores + mL™" Beauwveria bassiana OF
14 20% 58 BRI BEfE SC 187.5 350 B 1 Additive 1 300
20% chlorantraniliprole SC
15 20% S HURH ERE SC 187.5 350 B 2 Additive 2 150
20% chlorantraniliprole SC
16 20% 58 HURH k% SC 187.5 350 -
20% chlorantraniliprole SC
17 20% 58 A EEE SC 187.5 1500 B 1 Additive 1 300
20% chlorantraniliprole SC
18 20% 58 JR T Bz SC 187.5 1500 BI7 2 Additive 2 150
20% chlorantraniliprole SC
19 20% A JR T BEfE SC 187.5 1500 - -
20% chlorantraniliprole SC
CK 57K Water - 1500 -

Bh3R 1 ABhF 2 53508 10% 6 i 2 SRS A 15% A DR A L MEEL A9 A0 BE 14~ 16 FI 17 ~ 19 i 25§18 53 51 4 4= F B UAVI

AT UAV2,

Additive 1 and additive 2 are 10% fatty alcohol ethoxylates and 15% organosilicon polyoxyethylene compounds, respectively; Spray equipment of

treatment No.14-16 and 17-19 were self-service UAV1 and manual UAV2, respectively.

BT T« bR 1.2%K00% - #5308 EC 4k, HAth
BN G 14 d IR RGER S, 21 d J5 25 2RI Bk
PP ARFRREE AR (R 3) o 30% & HL - BEHUEE SC
2N 187.5 mL - hm 2Bk, 14 d 254K
ik 93.43% ;14% F A - B AR CS( 25k &l 187.5
F1150 mL - hm™) 6% T4 - SFARBE SC (25N
600 mL - hm™) 100 ffF - mL ™' Bk = OF

(254 3000 mL - hm™) F1 229% M - 25 409K

CS(Z5 i 300 mL - hm™) R R 2, 25 )5
14 dB5E% 53 913593.27% . 92.44% . 90.09% . 89.71%
F181.90% 5 1.2% 0% - v Z: 08 EC (25 &4 1500
mL « hm™) F11.2% 0% - S0 EC (25 & N0
2250 mL - hm™2) 24§)5 14 d ByBGRkd e BRAR 43
H1479.89% F180.95% . A1, 2455 21 d, 100 ffl+
- mL ™ ERAE IR OF 253 524 3000 mL + hm ™y

N

B , % 84.65% 5 14% Sk - B CS (25
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4 187.5 mL - hm™) 30% &

N Ta=X

- BEHUE SC (24

W teH} 187.5 mL - hm™) | 1.2% A5 - 1520 EC

Population density

BAFEE/ (kem?)

Population density

HAFEE/ (kem?)

(2534 2250 mL - hm™) F1 6% B4 - St SC
401, 34
] b
30 b
201 ¢|
10{ ¢ c€cccecCec
c ¢ T
| TiddTdbPds
A
CK12345678910111213
#3%5 Treatment No.
70
s0l, 144
50
40
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H
] e e e¢e € €
0] ¢=§==ﬁmm=’5=$:§=¢$ ‘:%3
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Table 3 Reduction rate and control effect after different pesticide applications against Lissorhoptrus oryzophilus in Yili,

A4S Treatment No.
1 4 1-13 %5

37.04F121 d IHOZE
Fig.1 Population density of Lissorhoptrus oryzophilus after pesticide applications for 3 d, 7 d, 14 d, and 21 d in Yili,

(259 9 600 mL - hm™) A4 B 2 0 43 51
83.20% .79.97% .78.04% 1 77.77% .,

701
7d
601a
& 501
e 0]
xS
\,\/ﬂ 301 b
=]
S 201 c
€2 ] ¢ ks
s 101 L eee e e e
e e e e
(-9
-101
20—
CK1 2345678 910111213
A4S Treatment No.
21d
801a
2E [
EZ 601
ok
BE ]
{ﬁHE b
7 2 201 €Cc ¢
3] dgaaddaddaify
R p By P

CK12345678 910111213
A4S Treatment No.

(2016 £, FFEFE)

Xinjiang, 2016

®3I FETCFHHFIFEIELEH R OBREMER (2016 £, FEHEE)

Xinjiang, 2016

gz 3d 7d 14 d 21d
Treatment ~ HLHIHIEZ Bii sk LIYRPTAEES Bz L RPIAEE S Bii &L LRPIBEES Bii &k
No. Reduction rate/  Control effect/  Reduction rate/  Control effect/  Reduction rate/ Control effect/  Reduction rate/  Control effect/
% % % % % % % %
1 42.94 37.40e 37.87 57.24d 55.62 74.18b 7.27 55.13d
2 42.86 37.31e 32.54 53.58d 41.80 66.14c -3.17 50.07d
3 45.71 40.44d 56.67 70.18¢ 68.89 81.90b 4.44 53.76d
4 40.97 35.24e 67.59 77.70¢ 58.33 75.76b -6.48 48.47e
5 57.78 53.68¢ 74.07 82.16b 82.96 90.09a 54.07 77.77b
6 80.52 78.63a 87.94 91.70a 87.01 92.44a 50.22 75.91b
7 70.24 67.35b 90.74 93.63a 88.43 93.27a 65.28 83.20a
8 66.95 63.74b 81.93 87.56ab 82.33 89.72a 51.81 76.68b
9 79.84 77.88a 88.71 92.23a 88.71 93.43a 58.60 79.97a
10 69.05 66.04b 84.92 89.62a 65.43 79.89b 32.72 67.44c
11 80.15 78.22a 88.95 92.39a 67.25 80.95b 54.62 78.04ab
12 -25.56 37.76e 1.79 32.41e 29.47 58.97d 5.08 54.07d
13 46.01 40.77d 63.97 75.21c 82.31 89.71a 68.28 84.65a
CK 8.85 - -45.31 - -71.88 - -106.64 -

[F) B HSHE i BN ] 7B 328 7E 0.05 /K B 2557 3 (R IRHTE M%) o
Different letters after numbers in the same column mean significant differences at 0.05 level tested by Duncan’s new multiple rage tests.

Jit 245 65 7 T < 4% 2450 2 5 B AR AR A OG
RVt 245 8 K, B R0GEE R . 255 21 d, 100 85 -

ml ™ BRAE B

OF (i 2554 3000 mL + hm™) |

14% 4 13 -

hm™) .30% %E .

HA CS (izhi=E N 187.5 mL -

BE LR SC (Jiti 2 &~ 187.5 mL

- hm™) FI1.2% J0 B8 - 3% 20 EC (Jifi 25 1= A 2250
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mL - hm™) BiR 2% 7 AR B3 (P>0.05) , H¥ & T
78.04% (% 3) .
2.2 TXFAWLELR & FBh A AR R IR 1E R S A
5250 mL - hm™ WK & 94 B By UAVL 5
15000 mL « hm ™ 5i /K51 F4 UAV2 ML, 255 B
HEE B = AR (P>0.05) (K 2,58 4),
F% 4 AP, X4 A B UAVL, iR im B 300 mL
~ hm A A 2GS 3.7 14 K121 d BB RS E

10 3d
~ a
'Eg 81 a a a a
‘ x
%2 o | L
< £ . a
mi
€1 ] ma
-
O e
Ha 21
0

14 15 16 17 18 19
AF Y55 Treatment No.

871 144
—~ a
wag’ 61 4 =
A€ 4] 1 2 a 3
I g . 1 ]
e | . .
{&32 2 a

=

O & l
Ha 01

2

14 15 16 17 18 19
M9S5S Treatment No.

$EF+ 20.60% ~33.24% ,F-F1 4255 28.49% ; 7 Jin B3
150 mL « hm 8, AT L2 )5 3.7 14 1 21 d BB
R E R TF2.00% ~33.15% , SE A4 H 5 22.29% , %}
TF4 UAV2, AN 300 mL + hm ™ B, A f H:
255 3.7, 14 F1 21 d PR E R T 1.05% ~
33.75% , -3 88 23.51% ; IS5 150 mL + hm™
BF, T2 JE 3.7, 14 Fi 21 d BB s 3 R T
15.06% ~34.08% , 144 5 27.33%

[y e it

HOEE/ (Lem?)
Population density

14 15 16 17 18 19
AF %5 Treatment No.

21d

a
81 a a b

jeml=e

14 15 16 17 18 19
A4S Treatment No.

Population density
E)

HOFE/ (Lem?)

J

B2 RIMARBIFIE 3.7.14 70 21 d KR O E (2016 £, FHEFRE)
Fig.2 Population density of Lissorhoptrus oryzophilus after addition of different adjuvants for 3d, 7 d, 14 d and 21 d
in Yili, Xinjiang, 2016
AbBE 14~ 16 1 17~ 19 FEZ5HLELSM 0 4 B B UAVL FIF42 UAV2,

Spray equipment of treatment No.14-16 and 17-19 were self-service UAV1 and manual UAV2, respectively.

R4 HMXEHFERBFEHHREORREMBAZ (2016 £, FHEFE)

Table 4 Reduction rate and control effect against Lissorhoptrus oryzophilus after addition of different adjuvants in Yili, Xinjiang, 2016

Db 3d 7d 14 d 21d

Treatment ~ HLHIRIEA B3 TR R Biisk B R Bisk B R Bisk
No. Reduction rate/  Control effect/  Reduction rate/ Control effect/  Reduction rate/ Control effect/  Reduction rate/  Control effect/

% %o %o %o % % %

14 54.28 49.84a 70.92 79.99b 71.48 83.41a 57.96 79.66a
15 27.42 20.37¢ 79.26 85.73a 71.33 83.32a 17.56 60.11b
16 17.42 18.37¢ 48.63 55.92¢ 47.33 50.17b 15.56 46.60d
17 24.73 17.42¢ 67.27 77.48b 67.27 80.96a 7.27 55.13¢
18 37.50 31.43b 62.50 74.19b 65.28 79.80a 27.78 65.05b
19 18.42 16.37¢ 38.26 43.73d 31.33 49.32b 5.56 30.97e
CK 8.85 - -45.31 -71.88 - -106.64 -

JEBE 14~ 16 F1 17~ 19 JE25HLELS> 914 E B UAVI A4S UAV2, W51 8RB R 7Bk 2R 7E 0.05 7K F |25 5 5835 (A5 T

ZWERE) .

Spray equipment of treatment No.14—16 and 17-19 were self-service UAV1 and manual UAV2, respectively. Different letters after numbers in the

same column mean significant differences at 0.05 level tested by Duncan’s new multiple rage tests.
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g5 1 U F B T (A 2K G2 H (] B
R E BT 22.29% ~28.49% , Horb X T4 H Bl
UAVI #3307 Bh5) 300 mL + hm ™, HFE B R 45
Tt 28.49% ; Xt F F#2 UAV2 ] & SLER i Bh 75 150
mlL « hm ™, HOE B BTt 27.33%
3 WHieE4it

H i, FEK S B Ak 2Bl 36 b B 0 2% B B )
ARUBERLS AR A TRSS B R w2t | 25k FH R TR
X AN AV W R RIS RA N B
HERRF(HRAE%,2010; FEIEE,2010; /)
R4 2017a; MIEHSE 20125 FKt45,2012; /)
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