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Droplet Deposition Distribution and Off-target Drift during Pesticide
Spraying Operation
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Abstract; Due to great human awareness of environmental conservation and public health, pesticides
must be applied in economically viable and environmentally sensitive ways, and it requires deep
understanding on the distributions of pesticide application. The distribution is the process occurring
immediately after application. When applied, the pesticide can distribute in the following way: loss by
wind drift, deposition on leaves or other parts of the target plant and deposition on ground (soil). The
sum of these three components ( plant, soil and drift) should equal to the amount of spray emitted.
However, there are concerns over the intended effect ( deposition on plant) and unintended effect
(deposition on ground and wind drift) of pesticide application on the effectiveness and risks associated
with the use of pesticides. Oriented to distribution of pesticide application, droplet deposition on different
parts was measured in the research. Spray deposition was tested by recovery of a fluorescent tracer

(pyranine) in the 1. 75 m wide, 1. 75 m high and 10 m long working section of the wind tunnel. A single
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nozzle was positioned in the centre of the wind tunnel at a height of 0. 6 m above the wind tunnel floor and
then sprayed moving along the length of the tunnel at a speed of 1 m/s. The nozzle moved over the top of
the plant so that application amount was the same to a typical spray in agriculture and the pesticide
distribution was measured. Mylar cards ( plastic) were used to collect the deposition on ground, diameter
polythene lines were horizontally mounted to provide an estimate of the wind drift of spray, and the sow
thistle plant was put under the nozzle to test the deposition on the target. To evaluate the influence of
different factors on spray distribution, the trial was carried out for three plant types ( sow thistle, cotton
and barnyard grass) at three growth stages (leaf area were 15 cm®, 135 ¢cm” and 300 cm’, respectively) .
After spraying, fluorescent dyes were easily washed off the three different samples so good recoveries can
be got. The amount of spray on the plant, ground and wind drift was calculated and expressed as a
percent (or fraction) of the amount of spray that came out of the nozzle. Based on the frame straddling
technique, velocity of droplet was investigated by particle image velocimetry ( PIV), and the test system
included laser imaging system, pulse generator and analysis software. The influences of droplet size
(VMD) , droplet velocity, spray angle, flow rate, height of nozzle, wind speed and growth stage of plant
on deposition at various parts were investigated. Correlation between different factors and spray
distribution ( fraction of spray deposited on ground, plant and drift) was calculated to judge the impact.
The results indicated that the distribution of the spray was influenced by droplet size, release height wind
speed and growth stage. Meanwhile, spray angle, sheet velocity flow rate and plant type had no
significant effect on the spray distribution. The ground deposition was the lowest with the fine sprays. It
was found that ground deposition from application of pesticides was 57.7% for finer droplet( VMD was
181 wm) which was increased to 82. 7% for coarser droplet ( VMD was 445 pm). Deposition on plant
surfaces was also found to be more than 13. 4% with release height at 40 ¢cm to 60 ¢m and wind speed less
than 4 m/s. For soil-active herbicide, a proportion of deposit on the ground was increased by bigger
VMD, and this is a desirable result. For controlling flying pest, airborne deposit can increase chemical’s
spread on its body, so smaller VMD was more effective. It was also shown that the proportion of spray
depositing on plant surfaces was increased as the plants got larger and the amount depositing on the
ground was decreased. The result can be used to effectively aid spray decisions to maximize the
effectiveness of pesticides and minimize risks to the environment from chemical spraying activities.
Chemical application must be as precise as possible, so populations of unwanted organisms ( insects or
diseases) can be reduced and less environmental impacts created in the agricultural production. An
understanding of the pesticide application process can be utilized to improve the estimate of the
distribution on pesticide from a spray operation.

Key words: pesticide deposition; frame straddling technique; target plant; growth stage; wind drift
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plants, ground and that moved off field in wind drift
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layout chart of distribution of pesticide
TERBR AR W8 25 f L 25 T R B O Sk
JBERGE AE IR A K B B (AR R R ) S
FZECE 2 R IMARAF AR, RS
Bo B Wk 1o A # & 18 58, B 41l g &
523 W WO B EAR o e 2 0

R1 RABEEIBRPRATRLEE 8 BE 3 AT KKkt

Tab.1 Eight-factor and three-level experiment design to measure pesticide deposition for distribution of pesticide

F &
KA N R Y Wi A/ B/ i i/ 5 Sk v B/ 4 o N
LY/ B i T R/ em”
pm (°) (m-s™1) (L-min~") cm (m-s™")
1 181 80 8 0.48 40 2 W 15
2 293 110 14 0.84 60 4 ik 135
3 445 130 20 1.20 80 6 N 300

2.2 MWHARFREAR

s Sk 55 A6 7 AR 1Y 55 T ORL AR 2k RT Bk Y
Sympatec  HELOS VARIO Helios i S% $i & X
(Sympatec GmbH , f# [ ) #£ 170/ (0.5 ~ 3 500 pwm
A RTI ) WS A R MO RS R 4
( Oxford , B [1 ) 11 &% 43 ¥ & 4 (Image Pro Plus, 3
) FEAT IR

Bi 7 4% ) 3K ( Particle image velocimetry, PIV)
BRI AR AT BT~ AR A5 5 02 —4E /9, DKL T &I
AR R BT I B e 2 A B RO A5 5 B A
RLAR B2, PR I PR 8 DG E I R0 B0 — 46 A OC o1 8K 1Y B
AR E S, A ARy BR A h ) £ T
B, m ki AAHC S BAHG, 7E PIV SR By BB oak 3
Tid b BARRIEAE T A AR B B AT LUK i 3 B

R T AR B AL 5, dAl LA 8 iR 5 AL RS 7
)0 R DG IR SR PIVORS BE 1A Ak
2 JE B85 i (Frame straddling) £ A
S 5 TR AE PIV RS bR FH 5 AL R
P B W AR W 4R T PIV RSB R Bk T iC
53 P9 M EF 14 16 e AR DS (BRloRb o ) T 8 TR AL,
45 PO Bk 5 AL AT S S A £F (Charge coupled
device,CCD) $RARHLAY [F) 25 FIHE I, (565 1 4> ik
PRI P B2 T A LRI S R 0 T 2
b7 QUK AS R Sl Y CUN DA RO VA W A O oY T S L
F s 16 ) Bl 45 /N B 10 s 8 4%, W I 45 PIV AW
KRR FFR, H AT RS2 100 m/s Ze A7 1) 3
BEM A o DR, 85 T AR AR R T BRI R 5 B
IR R 46 1 P T =2 T8] ey B (6] ) B, 39 i 17 00 5k



118 & A Bl B ¥ i

2017 4

JWH o B R R 4 PIV A R 9B, %
RS H O EFE 8% ML ( Oxford, Photron Fastcam
Ultima 512, 5[5 ) i 550 ik i #0% 4X ( Oxford , LS20 —
50, B ) |k vp & 4= &% ( BNC model 500, Berkely
Nucleonisc Corp) F1 8 4 73 ¥ 2 4F ( VidPIV 4.0) 4H
T o BRARAILX 5 R B 2 2 1 O 2 000 £/s e 52 3
R B B R B R (S12 R < S12 R 5R) o Bk bk
e A5 2 BRI K o R B AR AL AR I R 58 A R A
B 73 B B SR TR A5 I S A e B S I A
il 2 48 0 B R A AL BRRT LA R I 58 A 0% 43
Bro

P 4 i 7 by AR S A 55 T R SR FH s T E R 1
RO o HRLEOR FORE A B 55 T 10 IR 0 A
HY TR 4R % 22 R 2 ) 132 2l R K DABCT T i I
Z5 T T, DR AN e BROAS 55 Un RE  RLAR(E fE
Jok i A A SR i O 23 ) AR AE CCD SRR AL
S 1 WK A e JE DA KRR 2 otk v 68 O A, B Sk
WA 1 1 AT 2 O Ik v 4% 4T T I AR DL 2 Sk
Wit 25 SRR R — R ik Ot 2, TR — WU 4G
I} 2t 5 — SRR K oG 26, B DA TRLR 22 1] 4 s 1] gt
JE WG K i Z 18] T A 2 B AR B IR 2 (6] 9 I 1] o DA
P 4 a7 UL S AR DL AR 1 TR SR 4R 3 2 000 £/,
RV i 25 R 2 [6] 1 B R] 18] B 2 500 s, i A 255 i 4
ARG ST B R AL HUEE 25 000 £/s, BT 1 Ay 2
2L RGO Z (8] i) (5] (8] B 2k 40 wso AT UL, 25 it A
] 2 2 i T IR OR S

500 ps

FI191 {

40 ps

BAEHLL 1T
{42 H 143 H 194 {

FEGHLIRITR

/\_/\ ORI
S0 ‘ WOt
B4 I 25 TR R SR 4 B i A i [

Fig.4 Schematic diagram of frame straddling

technique used to measure droplet velocity
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(R RN - 0.57,p <0.01) , A 24 245 9 7 B T s
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Tab.2 Correlations between different factors and

spray distribution
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I H i [N -
BN L] nY%
FRR 0,45 0.19* -0.57*
5% 3 P g 5% 4 0.05 0.08 0. 06
5 ol i 0.11 0.14 0.18
oy bk s 0.07 0.11 0.13
AR 2 1 N N
P 0.17 -0.29"  0.35*
W -0.12 -0.18 0.41
WY -0.16 0.17 -0.23
AR
’ EKHBB -0.84*  0.81" ~0.74"
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4 it
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F SRR BB SEAN R S 80T AR 2 6 A ) L Hb T A
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B BRI A AE f g BB KRS R AT
7 AR 25 T S Sk 3 Y A VB Sk v R R R 4 XL
N B B AR 25 7 25 S RS R 43 1 L A1

(2) M5 %5 55 B2 th 40 em $2 5 2 80 cm B, 2}
R RS T 43% |, T 16 28 S US4
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