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Table 1 Droplets samplers classification
KA Types Materijﬂj/ﬂsi;ﬁgﬁriﬁinciple Reézj}r‘lces
TREAR [24-27]
EUR AT TR [28]
Image analysis RS EINS [9.29]
HRRAG. ARAL [30-31]
iR [32]
JEAR [10,33-34]
R R R ERE R [27]
PRR [35]
- AR [36]
SRR IR L [37]
bk Y2 [14]
b2 4547 R Ik [38]
Chemical analysis B [39]
WA [27]
PVC & [40]
RERUEER [41]
BFEIEIR L (20,42]
WA [43]
LR NENEE [44]
EIEFT. ANERERE. SEE [44]
WOL T B AL &R [45-46]
LA BAL [47-48]
S RLT AR 2 [49-50]
fE/&%% Sensors WOt BUGHEA [51]
P PH R AR AL A [52-53]
A LA [54-55]
PE#E [56]
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Fig.1 Commonly samplers for pesticide droplets sampling
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s AT ELRAR A R AR UK.
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1) FEAO B 23 B B B 0 S SO RO
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R 30 BARUFRCRAERCE, BllcRmmHARE, FEmA
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Boi, LIS HARET O E AT 5D S TEmE%
PFRAEE; 6) A EE, “athm.
1.1 EGoERERSR

KGRI S A AR H AR A, EHTA
FIBEREFAEE RAE (R 2) , I R T ERFE SRS,
AL N Al 4 5 20 L TR B A R 53 A
AR EREEE, BFEZWRAE (um) « FRASMEE (5
WHUem®) . BWESEE (%) . VIRE  (ullem®) 22,
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Table 2 Types of image analysis samplers

KREAS R Rl TSI SCHR
Type of samplers Characteristics Notes References
K A AR B E>17%
Wa;r ;er;si tive BRI, 253008 RN S5 hife [25.58]
KEAREOR S & EEL T SR ’
paper e
¥tk
‘E(ﬁ*%g&‘k\ %ﬁ ﬁ'ﬁgﬁﬁﬁqﬂ?ﬁbﬂ %gﬂibu%eﬁg %nj%

WA R gy g e TR s g
Kromekote card, Jrages hns SRR T R ’
Linograph paper T BRSO T AL

WA CUI R % O DRI [
Oil sensitive paper i 4838 & (4 VR

BEIERAFE BT~ AT USRS 7K il 1] sl 7K
RZRTH Z RO EOL . BBR I IR T
W BN K AR, KBRS — 28] DUAS F S o 25 751 3t
A DA E X R e ) — R, HRIMRE — 2 IRM
WARRA, FRMAERMPIAR ERRB IS 2B RS,
pH {EVGHE 2.8~6.4, 18I I AR RD AT DURELE i
DIMAHRAE B . (B, KBICH —ErRRME, A
DHURAE MIGB S BAESBEP), Rig KRR, HR
Yoie — R A E M T AR, R AR
B o IRAT, HRBRAR H EAE 2 PN — e B e
R ERREFA RN (R3) « BETIERERIE
TETEUT 3 A BURAHE AR SRR
AEBPE . APAER R IR .

D EUEA BRI $E: XU S Hud T Bg AL
Mo o MO M 4 #5  Gotas . StainMaster
(www.stainmaster.com.ar) . ImageTool. StainAnalysis.
AgroScan. DropletScan. Spray Image I and II. Swath Kit
Version 3.007%%, W5t 0t tbLL_E 7 Figfk & B Spray
Image II A7 5578 55 5 . F ks 7 m B A e
T RO, (B AR R B R, RERT K.
W 702 7R A0 25 0 A5 5 A0 BE 5 TH AR HEAT 1 AH O 1 B
Foo MITRHELR G RE RGN B, FEXHRE
55T B FH St 1) 43 BRGSO 55 R VR AT T Ay B AL B,
55RO R A E 25 T T, R SR ZE T 6%
AP o XIS B A5 ot 55 P A A R F PO ML B 40 3 B
TS, W2 4R 5 BOCKL LSO e i 82
B IR ZET 10 9.64%. HET, FEEr s H L2 %
Al #B K % P DepositScan , K Hb HE K
http://www.ars.usda.gov/mwa/wooster/atru/depositscan,,
D 5E HERA BT

2) FHEEE R S E AR A A 8 Zh )
34T DepositScan B AFFIHERTE, FHAZ WKL 23.9 um
KR B30 7 A R ARRE s 5340 5 B 2,
UESRAR R b B ORLAR BR S B K 35 R AR A AR K22 5
XEEZ P ZHAAARKF EE R R % (Spread
Factors, SF) fI5ZI . AaR HUE S RL A it 5 2l 18
BRI AR S, IR AN R A0 1R Bl R 2R B0 3
AT R IE TS0 i 5 1 o b o b A 4% 8 E R
DropletScan 3K F 3T B G AL B FRIN AL R L RIBE A BAR I
BEATRZIERS, #HMRZIEARA ¥=0.550 7X-0.000 09.X°
(A Y RSEBREFRRE (um) 5 X R/KBIAREE R K
FRACR EMBE SRR (um) D o ATLUEH, SLBREHE
BERAEAZERFZIF L. CAERERY], 3
BEA A AR 0] o TS R R B R VR . S5 kL
BT BCR B0 A, 3k BSR4 4K R I
FRLARIN ,  F 0 B AR NR R ZK AT VR IA

3) RIMRTE: KAEB IR, SR
R (>17%) I, 250 2 18] 8 i) < 5 800 5E 1 55
WAL B, DUBE LR M IUEOR R 220
U TR SR AU HE VTR BRI, 2 R A M R AT
A AT RAE T o
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TRV IR RS 3 AT Ol o 85 F (%) S 2SR A 28 BE A 1 1 Y
Bl R R a-4F 4% BiE 4L (B Whatman 540 |
BRARIL. #3%f, WA, flmkiE. g, B
KL BIHE OIGER CEREERD) | AR e
AEWARESE (R 1) o« KPS R DL A AR IR &
(uglem® SRFER . PLICRFE R AL 52 KA R =P
K PR . 55 T # A B 5 Pl 4 B, {5278 4
BRI AS N R R SRR B B B 5 H
AR RS

D) RFESIIERE: EUF oI RRFESE T, BF
HIWIA a-2F4ER F . gt 37 58 55 77 T 3% 35 20 1%
Fr o o-2F4E R AT DUOR I DTRR B AR 25 A4S 52 2D A5 K

FIsz M, B R AR, 3 5 A S Rl o0,
Whatman & REACH 2 HAF4ERTIR, BARKEEML &R
JE v R a5 1O, (BRI T R R A A 55,
FEB 43 0F 5 b B SR IE 4R R0 B Whatman a3 481,
81 FH RS AREAT RAEIT AT DUR (B 408 E AE i F ok
Mk, el Lok Gk 48 E EEY e )2 E I 5E e
JEUTR R A BRI 5 5 7E 1 % I K H Whatman 5
AR (50 cmx 10 cm) X B¢ SEIEFN 7 R 2 FloAS [m) 4R 24 34F
AT E , &5 5 30 2R el () W) 3 e B BEL S 1 253 1)
R, BRI T i IR B 0, BRI A 2 A b A R
F4f 42 %% (Cellulose strips) HUE 755 75 ML A BE47 50
FI AR 2 G 2 7R A SRS s

2) REEFIRER S SRR T an R B kT
RETH B M E A RAEPIRE . TELTIE
W A AP Y IR 26 U85y, AR RS AS . R
FREFIRAREB R L, W ER s, mes
B DL 0] R, R AR B ) LA G 8 ST R R
RHIRER] SREBIOREH] (R 3 .

R3 REFIEE RS

Table 3 Types and characteristics of tracers

JNEEF Tracers 3 Type

H¥ 5 Characteristics

{73 = S0 Note for use ik References

Betty

O R R

ARERFAT IR BRA S, X TR BRI

Visible dyes B T L (S gﬂ%ﬁiﬂﬂ VLB BB AS W o BT AN AR S [62,67-68]
. Rhodamine (Z'JHH] B, ZJFH] WT) . KoK= (69-70]
Fl o< &4 (BASO Red 546) |, Brilliant Sulfaflavine, A%l T BRI etz B —E . IS0 RE.
orescent compounds . .
Fluorescein, Uvitex OB

SR HEZ A& AT,

M . W B TRV TR AT DU 24P e G b B 2 ) SRR R RN T A A T s [71]
etal salts 197

AL 1976 S 22 E MG M 4 Fh 2O R R 7
Fluorescin L.T.S.. Sel Fluorescent 3S. Uranin A. Urani
AT 2, KRR OHE 5K R Rk 4 H (Polyethene
and Polyether strips) 1EARAEAREE, WIHIE I 70 7R
A LU AR o A ki, Ho 4 MoR BRI P Sel
Fluorescent 3S fflt, FIT (K1 RAF 8% p SRk 2 A i A0
BRHMZEXN T 5 MIOLRET (BASO Red 5464
Brilliant Sulfaflavine. Fluorescein. Uvitex OB. Rhodamine
B) 7 Fh YLt 7~ 7] ( Amaranth . Reactive Black 5. Patent
Blue Violet. Tartrazine. Lissamine Green B+ Erythrosin B
Ponceau 4R) , iR 30 25 B 3R W G 8 0R BRI AT I K
(Tartrazine) B A M IR ENE, BB HEE N
FE ) SRAE B L A B 7274 o ] 2 3 56 et i e
VERUTRR R ER AT 7 R I, 5 R AL HAG B B AR E 1
ICFEME . R LA, R R (o
RRW, ART A B B 5 TR, PR
BEE A F T 7R B ARG AR O O7) SR T e €% B 77K FH L
R E N, RN T BRI S, 0 T R B Y 0 AR
R DA SRS S A S AN A3 Y

5L OORERFALE, 26 BRI I PR AR
. B3 F TR 7 B (K U RS A e, 4%
T2 67 BE A E A 5 Je R sk, DRI 7R BORE J5 B 24 308

JARAT . RHFHEOSEFH WT RS0 R E s B
I ESCR AT I, RIE P WT e R s
W A R B R PR N SR L w2 h WEEASRER AR HUA
EREER KT 60%, 1& A 1EATIBURE . Barber 257
K967 Tinopal CBS-X X it 5 3 4338 b A3 AR
BHEAT /M, TR EER SR A 25 R B M 3 SR A £
ZE5, 1T 4 R 3 W A 8 b BRORE 1) B U s MR B R
KRB EAT DR B E I, 38 75 47 R DA R i)
@© PRI T TE B BE T TR B OR R R S K
PUBRCR IR X 3 /s R WD RIOR TSRS . MR TS 55t
@ AT BKMRESR ER I EER, ERRERIR
HRAESS MR BRI 28 70 . @ RERHIAF 26T
SOV BT RN AR R PR35, L g 10,

R OORER SO REAARKE, BT EEH%
FOREFER N EIREEY), HAF R A L AA AR,
A LU 8 S A B 2 () PR S, AN PR B F R A
&G AY) (Cupric Quelat. Zinesse Quelat. Manganese
Quelat) 1F A7 B0 R 5 P AN [R]85 55 1 4 W5t 55 T AR
BEATIE, FERFIE4CH (Paper-filter strips) HEATYIAR
KA, MR 7 o i {X ( Atomic absorption
spectrometer) HEATYIAEM &Y.

3) AR RN RAGKA BN MERZ, HA
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AAFE T REF R, XN TR EREA R
MU, DR A 5 1 e AR 24 By B SRR
A BRI L IT S R 2 TR RS &= .

it FUCN, ERMEMGRIARZ, TR,
ISR 2] 71 AT FH SR 25 SR AR IS B 244 38 B A5 28 70 1 SR
WP RAEKR . GHFEL (Synthetic wool yarn) H
A EE M ERCE (40%~70%) U7, T4k FH T {5 A dle A
SH BN, HEEBEARNEHTHER
IZGFITT A3 G 2 FIE R I R 4 R R, B
FE 58 AR 2B RE R (RS 3.85%107 Pa) Al REZ (75
AR 2.1x10° Pa) BRRSIRIG A, SR 97 L5 B B s £ 4
FHHRIMAHIER (LRRZE W53 2737 RED),
TR K FEAE R TR LA, DLIBE G A% 2457 R0 40 1)
P R TAGAG DR TARS BB, 8 9 L rp 42 78 1 v 91 g 25 700
5 AR AR 2% ) IS AR M EAT £ £ . Druart
SRR IR GEAUE 1.5x107 Pa) « KT GESIE
2.1x10% Pa) FILMERE (ZESE 1.3x10° Pa) BRI
TRIRIT, B — 0 A I SRS B 1 3 P > K TR >R M
TG, T 28 e A RS B BT AR A 1K B >
PR S TR, JLABIE Tt B T R ASE . B
A Rl B — 7 T 2 T AU S 8 AR A DL R FE I
PR R ZER S T AR HZESERRZE, 55— 7k
AARMRANRIES FHERET S, HaIRBulRs
REIRZE. F4h, KHANFE T IERERE B
FREMPIRIE EE —E WX, SEPRmHG &S
FEAEYINE S5 AR EUURR L R AR 1
B,
1.3 fR RS FEERS

AN [R) A I s PO AS DAS 52 B M B 55 R R AR S
FZH R, AR AR AR IE DTS, SR A A
RIS TR 5 R G BRI o A R AR B A A
PTFERFESRBC A A, DA mill e pvEmPE . PRBE A %
K LIDAR A% A8 AE F [ v I i KUk 20 55411 55 T
PR, HS5EIRERETI, BR7ERHEEH
HREBEWER, WHEAEE ML (R>0.9) , [k
TR ARIREA SR SESH P —E S KA
W R EC R OB B, S AL
G4 BT R P % A AT T R AL, 1R
SHIME D TR XT LE, R B RS B R AE 6 =ik
96%, R AR IEHE SEET IR R . 26 [ g 10
K FH SR A %% (Real-time Particle Monitors, Dylos)
Xof S el Vs 25 41 55 Vi RS B dE AT RN, R B SRR A
AT DU A 55 SRS

K H L 25 S IR A 9 25 AR B A L B ZR Y
SO, R DU RS R AR R AR —
R PG P, (B A s R R
RIAEARAF BT, o7 B MR ZE B 10~
50% . 5 &2 SR - — L T B I % TR A AR Y
Z T R EEARAR A5, Bl ) d I 25 e e SE I L AR &
DL T Pod ) S DUAR Bl o R FH £04h AR AN 5 1

2y JE R EY T R S L, AR IR B AR AR I
F AR R E R DTRCR,, e B AT DO TR
SRS 43 BT 555 R B SRS 28 R 745500,

XF TR et , R FH 18 O R R At 24—
JA 5 AR R FR S, IR S AR RHE . I 1R RFAE
HUTMEZ K FR, U T RRBEEAR H 2 257
P 78 250 SR A o SR FH 1 DR 43 M7 10 7 i, Wen 2515
IV MO® WaN il b v o AN R L AR AY S Wil i
ARG, FHRIIE S RS /KEAHEA TR, MR REON 0.89,
LRI USRI E SR AL 1B Y Al 772

Kumar 2505 S0k (02 Thi 1 i 2 SRR R AR 24
R b AR 3 XA 2 TR S B, R RS FE AR A B
107 g/em’ o SR P B BB 500 728 W 192 (Enzyme-Linked Immuno
Sorbent Assay, ELISA) Kl bri i Bibi A 5 el A AH
i, WA RUE RN ERGA MBS E, BLE 2
K2 T REEEY) BRI AR, 78 TR
RS R AT SABU I A I 38 AT HL A S E T
P RasiE FET O 2 BB RS B ) e R 5T,

SRS W71, AR RIS R TR A
PR, AT BAE R s b S5 s U AR AR IR s R 55
HRWAFENEREAC. i, R E R, &
PRI G S 078 i s B — S5 ) R, I o 2 FH T B 308 >R
FRES BB AR A BN, AR ARl 1 7 22 B T A
DURS FEAS T B0 E S5 RaRZEECR (R 4) .

x4 BERANERRIERIE
Table 4 Classification of the commonly sensor samplers
liFusre=utl JR LR

Type of sensors Theory References
B B AR R RRINE S G0t
WOLERIE F SRR KGRI B R R
Light detection and KES CHRERD S5KkE [45-46]
ranging, LIDAR SHATIOR, MRS E)E, T
AT B GERUTIED WEXER.
N FIFRLLAMRMES e G s
AELIMRARIC st 44 22 5 iRt A 27
Infrared thermal -y oo n i, RS ()
imaging technology i He 8 7 T ?hi "
B, 3 F R A Bl
SRR TR 2% SR U IR EE L SR O
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Current status and prospects of precise sampling of pesticide droplets
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Abstract: Plant protection machinery to spray pesticides is one of the most effective pest control methods in agriculture. It is
necessary to accurately collect and measure the amount of droplets deposition, loss, and drift in the spraying process of
pesticides, thereby optimizing the operating parameters of plant protection equipment, while improving the utilization rate of
pesticides. Various samplers are available at present for sampling spray deposition, loss, and drift droplets. The selection of the
samplers should meet the following requirements. Firstly, high collection efficiencies of samplers were required for the
droplets of different sizes in relatively low wind speeds; Secondly, the samplers were not easy to saturate, with a certain
sampling volume or area to sample sufficient droplets. A certain sampling volume or area can be used to calculate the
deposition per unit area; Thirdly, the samplers should not react with active ingredients or tracers, particularly with high
sampling efficiency, and stable recovery rate, where the resulting data can be quantitatively analyzed; Fourthly, the cheap
samplers are easy to handle under field conditions. In this study, four types of samplers classified by the analytical approaches
were introduced, including the type of image processing, chemical analysis, sensors, and rest. There were special precautions
for each sampler. The selection of image processing software, correction of scanned data, and the limitations should be noticed
in the type of image processing samplers. Much attention should be paid to the selection of samplers, dye or fluorescent tracer,
and the volatility of pesticide active ingredients in the type of chemical analysis samplers; The type and applied scenarios were
critical for each sensor and accuracy of sensors in the type of sensor samplers. In addition, there was some adhesion, rebound,
or breakage failure, further detrimental to the sampling efficiency, when the droplets came into contact with the sampler.
Especially for the type of chemical analysis samplers, special attention should be paid to sampling efficiency and recovery.
Except for the selection of samplers, there was a significant effect on the placement position, transportation, and preservation
of samplers, meteorological requirements, and sampling test sites. Five requirements or prospects were proposed for the
current sampling in the future, including (a) to inspect plant protection machinery before the test, and determine the sampling
efficiency and recovery rate of selected samplersfor a high accuracy of sampling, (b) to standardize the sampling or samplers
in the development of fast suitable for field sampling; (c) further studies focused on the deposition of droplets containing
pesticide active ingredients, (d) to develop new sampling sensors for high sampling efficiency, and (e) to establish a deposition
and drift model of plant protection drones. In any way, the standardized and accurate sampling is needed to obtain comparable
and highly precise data of pesticide deposition. The finding can make a great contribution to improving the current utilization
rate of pesticides, particularly providing potential scientific and technical guidance for the “zero growth” of pesticide usage.
Keywords: plant protection machinery; pesticides; spraying; droplet deposition; run off; drift; sampling methods



