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FEEE . B R B RAR I PR A 4%, R FAB (G AHLIBERE960 /LK 5214 H R e FLadE AT B AR, 3k
BB SO, R IC AP UEZSAE B4 51) 1 800, 2 250, 2 700 g/hm?, 5 7 2B FRitiZ5 A BRI ]2 250 g/hm?,
PABSHE I /K X IE . 25538 . 762 700 o/hm? IR R T, JCAHLBEiE960 g/LK 54 HY B e L 1 1 By B s R A
Ui, X 2 A AR 75 28R I BT 280031 M9 85.32% . 88.45% , I A cHAs il K B KA IR T4 FH B IR I 4 5
X RAEL, KSH7710.09%~17.18%, T AKIE=13.90%~18.12%. £& FrlAl, JCAMUBIRI960 o/LAF 5N H B
FLIl AT E R & KPR B FH A ]
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Effects of closed herbicide spraying by unmanned aerial vehicle

on weed control in soybean and maize intercropping fields

LIU Lei!, ZHOU Donglai', CHEN Ge?, HU Dehui’, ZHANG Ya', LIU Shuangqing'*

(1. College of Plant Protection, Hunan Agricultural University, Changsha, Hunan 410128, China; 2. Yueyang Agricultural
and Rural Affairs Center, Yueyang, Hunan 414000, China; 3. Agricultural Comprehensive Service Center, Wukou Town,
Pingjiang County, Yueyang, Hunan 414516, China)

Abstract: To effectively control weeds in soybean-maize strip intercropping field, closed herbicide application of 960 g/L
S-metolachlor emulsifiable concentrate(EC) was conducted using a plant protection unmanned aerial vehicle(UAV). The
experiment included five treatments: three UAV application rates(1 800, 2 250, and 2 700 g/hm?), one knapsack sprayer
application treatment at 2 250 g/lhm?, and a water spray as the control. The results showed that at the formulation dosage
of 2 700 g/hm?, the application of 960 g/L S-metolachlor EC via UAV achieved the optimal weed control efficacy, with
plant density reduction and fresh weight reduction rates of 85.32% and 88.45%, respectively. This treatment effectively
controlled both monocotyledonous and dicotyledonous weeds in the soybean-maize strip intercropping field. Compared
to the control group, the herbicide treatment significantly increased crop yields: soybean yield increased by
10.09%-17.18%, and maize yield increased by 13.90%-18.12%. In conclusion, the UAV-based application of 960 g/L

S-metolachlor EC can be recommended for widespread adoption in soybean-maize strip intercropping fields.

Keywords: soybean-maize strip intercropping; plant protection unmanned aerial vehicle; closed herbicide; control efficacy
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2057 KU . 960 /LK 5779 B B gL S 1E
IEEMIDTEDI PR A R |1 H 5 REET25HEARTCA

LRI SR ATHTRHECA R A Wl i, 221 aE
fRbRNF TR, N TP 3WBD-165175 11
AWz, HEMTBr I ER s Heh, TE
J£470.2~0.6 MPa, Zjii450 L/hm?,

HEAKREMFN WES1S (IREARL
BHEARRAF]D; FORGFCH HEARE-6] (LA
Al B A7 FRAA F)

F1 EREANEEMEERS BUEE

Table 1 Main performance and parameter indexes of plant

protection unmanned aerial vehicle

FEBH ks Bl
LIRS KIET25
B RFFRSF K xTixm) 2 585 mmx2 675 mmx780 mm
R # 20L
g S A B
5 S A5 LX8060SZ
M5 487 T 2 000~16 000 r/min
ZAbkifz 50~500 um
AT 2.5m
RATHE 4 m/s
W S5m
1.2 7H&E
1.2.1 KEEZRMHEF X

12 50 b 7 T 950 R 4 I I T VL e R A
(29°39'46"N, 113°20'56"E). S X ##5 I A
Tk, SRS S e, RA
HARBER, DLeAT R EF41T EARTE 1A
HOG, F2RiIRh6T TR . MTEK, AT HOLTEE
F4.4~48m, K&, FKMEAHEH40.6~0.7m, KE1T
FEH0.3 m, FKFTHEN0.4 m. KEHA T KAUIRIE
PR R3~4 cm, RGIFEFIRIEHT7~9 cm, FK#E
FhARIE ] 13~15 cm, YEREFH
B LA FIEAE

20234F5 ], SHEEMRER WA T, A
AR H E 2R AR AL, SRR E W9
FUBFREEBGHH, I HEEMEL, 271
FES, BERESHIE T TRREAE0.25 m?(0.5 mx0.5 m)
B FE AU, TR CAREE MR A N RIS AR
1.2.3  w a2 0Kkt

T202444 120 H FA-#ERN, H Nt .
i FHAE PR TS AHLRNE 7 28555 28 5960 @/LA 5

1.2.2
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AR BRI T 3B P AR FE . T ATt
IREHIRLA10 mx80 mN IA/INX., BEE 425 kb
FRAIANE O BEAL TR (K 2), B MEHI3H SR, &
INDX AR 10 mZ% MR iy, B 1 25 AL 2 .
R R e YL i, FH154NX, L
ML RITREEN2.5 m, KT R4 m/s, WEIETE
FENS m, FEN2.5Ls, RAGPSEN KTz,
22 FANBSEL AR ERIA AR
Table 2 Unmanned aerial vehicle spraying treatments in the

pre-emergence herbicide experiment

5 25 FEUEE g
/(g-hm™)

T1 960 o/LAF 5 P4 H B ez 1800  JCAML
T2 960 o/LAF 5 P4 H B e FLam 2250 KAWL
T3 960 /LA 5 H RERiRL i 2700 AWML
T4 960 /LA HI B 2L i 2250  HHAWE
CK JfK 0 AWML

1.2.4 ®A 2GR

WS 15 difE H R K S R oK 25 R A1 I it
245530 dF A RS | Bom AN i, B/ NX R
VEBGAN A, BREEA 025 m2, IS FIFl
WP, 55 B X AR B 7 LR, S8 X155
WY 2%, THARRBR ARG BT i Bl . W24 /550 d
TERMRIR /N X RS H KA — S R 2 8k
TR, e bk Az, KE., RS,
BRNX AP . Tk, B R G ARkE
B, JORIE . EORLREA TORAREE . BUREL. A
BT, S G I T R R E R K
B .

1.3 BRSO

K H Excel 20193E47 504 e it F o3 1
SPSS 2631 THLR K 5 2434715 £ Duncanik it 1§
ZEIE

2 HER55H
21 HERELRERL

IR TSR, R R IR R
e FH B RERpS, HH A] ESAemdog 12F), Hof g
T terl, fIEH[Echinochloa crus-galli(L.) P.
Beauv.]. MJEE[Setaria viridis(L.) P. Beauv.].
H&[Cynodon dactylon(L.) Persoon]. ¥ [Digitaria
sanguinalis(L.) Scop]. *F#fj ¥ [Eleusine indica(L.)
Gaertn.]. & ftF(Cyperus rotundus L.); X745
6 F, A 35 MR & M 2L [Persicaria lapathifolia(L.)
Delarbre]. %[ Eclipta prostrata(L.) L.] . E-53% 1
¥ [Alternanthera philoxeroides(Mart.) Griseb.]. #75
S(Acalypha australis L.) . 215 Wi(Portulaca oleracea
L.). #(Chenopodium album L.),

2.2  FHRRERIXTHIE 2B R ERR L

G245 15 d, SRR R R T2y 3
W25 530 difley R INEE3), 425 FRrT3 L3 B
TR 2 B B R e =, 43R 87.87%
83.73%; T3AMHINT AL IARBHRCNS5.32%, B
FTIAT24EHY), ST4bIZER AT %, T1, T2HIT4
ALE PSR I R R R R
TR E2ES, (AT TT26,

*3 BREFNREERFHREEHREDRBI

Table 3 Weed control efficacy (based on plant density) of herbicides in soybean-maize strip intercropping fields

e FF 2 KA 2 BEVA
BR%/m? BRBI%0/% esy/m? BRBI%/% MeAym? BRBI%0/%
Tl 6.56 75.31+5.79 10.89 (74.28+3.91)b 17.44 (74.68+2.78)b
T2 5.00 81.1742.94 9.78 (76.90+2.45)ab 14.78 (78.55+1.62)b
T3 322 87.87+3.37 6.89 (83.73+2.03)a 10.11 (85.32+1.48)a
T4 478 82.01+4.15 9.00 (78.74+1.62)ab 13.78 (80.002.11)ab
CK 26.56 42.33 68.89

TE: [RISIAIE TR R AL B E] ) 22 3 A Git# 3 L (P< 0.05).

2.3 HARBRERXHEZREEREHN
NFATT LI Y, T3AbFR B I 2 B (g e Ji

BRI 89.93%, W =TT, ST2HT4Rb 3K

LSRG BN BRI S5 () 6 [ By

MR EER, T3, T4, T2. TIABIEARIK
TE SRR i BB RO T, T3P e &= T
HABALBRAY, 5T N 88.45%
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T4 BREFINKREIKFREEERENEREHY

Table 4 Weed control efficacy of herbicides based on fresh weight reduction in soybean-maize strip intercropping fields

o R Xy e

Btem?) | SRRPEY% | SREm?) | BRRE. | SREm) | SRR
Tl 9.89 (78.91+4.24)b 11.71 81.45+2.41 21.60 (80.37+1.74)b
T2 9.27 (80.24+2.72)ab 10.90 82.73+1.87 20.17 (81.67+1.73)b
T3 4.72 (89.93+2.77)a 7.98 87.36+1.82 12.70 (88.45+1.30)a
T4 8.32 (82.25+3.94)ab 10.83 82.84+1.46 19.16 (82.59+2.01)b
CK 46.89 63.12 110.01

e [RIGIASTR) FBE 2R A IR 1) 25 58 Go b T3 L (P< 0.05),

2.4 HAREFISHEME KR~ BT

2.4.1

MRE. BRARIEFOT A

RS AT, W24 /5 50 dBREE AL B R bk
AR/ NEI RO T4, T1, T2, T3; &R

®5 BREFLEREAEMERBEKIER

Table 5 Growth parameters of soybean and maize after herbicide

treatment

K

Sl

ESP/S

s

Pfi/em

Z2H/mm

P55 /em 224 /mm

T1 (55.07+1.27)ab
T2 (56.63+0.72)a
T3 (57.43£0.90)a
T4 (53.31£0.78)b
CK (52.99+1.22)b

(4.85+0.13)a
(4.82+0.08)a
(5.1120.14)a
(4.90+0.13)a
(4.15+0.14)b

(18
(18

(18

2.76+1.77)b (22.36:0.44)bc
7.2241.2)ab (25.28+0.70)a

(190.10+2.58)a (24.49+0.61)a

3.97+1.76)b (22.86+0.66)b

(176.88+2.20)c (21.02£0.47)c

T [FISIAE TR AL B A 22 A SE i 5 (P< 0.05).

FIAL B R 2 H CK A KL 16.14%~23.13%
T2. T3ABRA K Gk HCK2Z R %, T1. T2,
T3FTARL PR R G 25 B 2 M FCKE . BRE
Ak RN T AR = S O INBI AR T T4 T2
T3; T2. T3FITALLFRA T KZEHL B EH T CKEY,
TIA S CKI2E 5 A B .
2.4.2 sREEBFFHTH

FHFOTTH, A5 BRI AL PR A AR IS CKAY TG
WEZES . TUMT3LHISRE R % £ FCKI,
T2, T4 S5 CKM LR E 25 . 4P BRERIAN 3T
AR 5 CKA Y 0 i 25 25 5 o BR A Ab 3y 3
P E T CKEY, FCKIE710.09%~17.18%,
FRT34b P )R 5 e ™ i i 2 & ORIy, ikt
MECKILRFER.

*6 MEFLEEATHER~EN~EMHER

Table 6 Theoretical yield and yield components of soybean after herbicide treatment

s REIERUA ek Eu A R E/g FRE 7/ (kg-hm ) HPER /%
Tl 43.83+2.20 (50.17+1.42)a (17.33£0.28)b (833.30421.85)ab 10.09
™ 38.1742.00 (49.42+2.53)ab (18.13%0.19)ab (861.22+46.58)ab 13.78
T3 42.00+1.74 (53.00+1.68)a (17.43£0.24)b (886.97+30.14)a 17.18
T4 42.42+1.79 (48.17+1.54)ab (18.57+0.48)a (864.38+47.59)ab 14.20
CK 41.17£2.70 (44.33£1.94)b (17.78+0.26)ab (756.93£34.75)b

TE: [RISIAIE TR R AL B E] ) 22 R A Gt 3 L (P< 0.05).

2.4.3

PO S Aol L)

FHFR7AIH1, T1. T3FITALMFR F KK B
15 TCKI o 4B 5751 A B ) B 550 5 CKIY) G B 2
25, AR R B S T CKAY, e Ry E
£7 BREFNIEEEKNIETER T EWREE

Table 7 Theoretical yield and yield components of maize after herbicide treatment

FCKMY, HCKHE~13.90%~18.12%, b, T34k
PR EOKRELS - 8 B m T CKY, Ha b5 CK
MERADE,

Ab¥g K /em Tk g4 ER i Eg FIE = H/(kg-hm™2) BT %
T1 (19.0820.54)a 387.67+11.12 (34.47£0.59)a (4 276.61£134.46)ab 14.24
T2 (18.3340.39)ab 383.67+20.80 (34.6320.62)a (4 263.85£261.92)ab 13.90
T3 (18.47+0.40)a 409.42+17.42 (33.87+0.77)a (4 421.96£171.40)a 18.12
T4 (19.44+0.43)a 383.00+15.38 (35.1540.75)a (4 303.25£178.47)ab 14.95
CK (17.2220.29)b 366.33£10.58 (31.8520.79)b (3 743.66£158.66)b

TE: [FISIAIE TR AL B E] ) 22 R A Gt 3 L (P< 0.05).
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