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A Experimental Study on Coverage Characteristic of a
Self-Propelled Boom Sprayer for Paddy Field
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ABSTRACT

To investigate the feasibility of a boom sprayer in the paddy field, an experimental boom sprayer for both
broadcast and directed spraying to the lower part of rice plants was developed. The droplet deposition
characteristics of the boom sprayers were experimentally compared to those of power sprayer. Water sensitive
papers(WSP) and a machine vision system were used to evaluate the coverage rate and droplet density.

It was shown that the broadcast application by the boom sprayer was the best coverage among the tested
sprayers. Coverage rate and droplet density were affected by the distance between nozzles and the sprayer ground
speed. The best result was obtained when the distance of 30cm and the speed of 1.7km/hr. The directed application
showed inconsistency in overall droplet distribution. The inconsistency was judged to be caused by conflict between
plants and boom extenders. The power sprayer showed a very wide range of droplet size distribution, relatively
larger droplets and inconsistency in coverage so that, in some part, none of the droplets was found. The power
sprayer was judged to be inadequate for the low-volume precision application because of inconsistency in
performance and difficulty in adjusting the spraying rate. Based on the droplet coverage characteristics, it was
concluded that the self-propelied boom sprayer for the broadcast application was feasible for an alternative to the
power sprayer in case of low volume, precision application in paddy condition,

F28o](Key Words): Ewa)|7)(boom sprayer), A4 (broadcast application), 7]%-4F¥(directed
application), Z}4=X](water sensitive paper)
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Fig. 1 Schematic drawing of the experimental boom sprayer.
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Fig. 2 Nozzle setup for the directed application to lower part of plants.
(a) when distance between nozzles is 60cm and (b) when 90cm.

Table 1 Spraying rate, droplet diameter range and characteristic of each application tool

Droplet diameter
Spray rate (I/ha) P Characteristic
range(m)
L low pressure, low volume
Broadcast application (Test BA) 400~ 927 100~ 200 .
spraying
hi ressure, hi |
Broadcast application (Test BB) 1196~ 1848 50~ 150 gh pressure, high volume
spraying
Directed application (Test DA) 189~ 438 50~ 150 application to specific area
Applicati ith
pplication wifh power Sprayer 1000 ~2000 100~2000 high volume spraying
(Test PS)
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Fig. 3 Atificial target using water sensitive papers for the field experiments.
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Fig. 4 View of droplet deposition on WSP, achieved by the broadcast application.
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Fig. 5 View of droplet deposition on WSP, achieved by directed application (DA experiment).
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Fig. 6 View of droplet deposition on WSP achieved by a power sprayer (PS experiment).
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Table 2 Coverage criteria for test of boom sprayer

Droplets density Coverage rate(%)
Type of spray 2
(droplets/cm”) (VMD: 100, spread factor: 1.45)
Insecticide 20~ 60 1.32~3.92
Herbicide for pre-emergence 20~ 60 1.32~3.92
Contact herbicide for 30~ 80 1.98-5.28
post-emergence
Fungicide 50~140 3.30~9.24
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Table 3 Analysis of the coverage rates for all treatments

TEZE B AV AR5 28 488 47

Treatment coverage rate (C.V.”)
Spray” Noulc Travel Wind.z’ ‘
Date Equipm. Distance | Speed Velocity upper middle lower
(cm) [ (km/hr) (m/s)

83 BA 45 1.1 2.1 46.9(72) 22.8(73) 10.5(64)
8/18 BA 45 1.1 25 8.1(109) 2.8(113) 1.8(97)
8/18 BA 45 1.1 25 7.1(84) 6.4(81) 6.6(50.4)
s | BA 30 1.1 12 16.9(87) 5.5(99) 2.3(101)
9/15 BA 30 1.1 12 9.8(89) 6.5(100) 5.0(112)
9/15 BA }0 1.7 12 9.0(69) 5 (83) 2.7(90)
9/15 BA 45 1.1 12 2.4(139) 1.6(177) 0.9(158)
9/15 BA 45 1.7 12 1.8(124) 0.5(157) 0.3(160)
8/18 BB 30 1.1 25 32.1(98) 18.1(143) 6.2(66)
/15 BB 30 1.1 1.2 31.4(74) 15.2(118) 7.3(51)
9/15 BB 30 1.7 1.2 27.6(73) 9.9(71) 6.6(90.7)
9/15 DA 60 1.1 12 0 13.7(152) 18.5(89)
9/15 DA 60 1.1 12 0.3(221) 13.5(116) 29.7(109)
9/15 DA 60 1.1 12 1.4(267) 10 (180) 3.8(137)
9/15 DA 60 1.7 1.2 0 0.2(360) 4.3(153)
9/15 DA 60 1.1 1.2 0.4(174) 30.8(115) 30 (107)
9/15 DA 90 1.1 1.2 0.5(222) 18.3(140) 21.3(114)
8/29 PS 0.8 21.8(96) 11.8(121) 4.8(120)
9 1 PS 1.0 4.9(174) 2 (160) 1.3(175)

" Spraying Equipment:

PS : Power Sprayer
BA : Broadcasting application type A (low pressure, low volume pump)
BB : Broadcasting application type B (high pressure, high volume pump)
DA : directed application to lower part of plants
? Measuring height of wind velocity : 8.1m
coefficient of variation in 4x3=12 water sensitive paper

R AT
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Table 4 Change of average coverage rates and C.V. values with experiment date

Date
8/3 8/18 9/15
Item
Coverage rate(average, %) 26.7 42 1.6
C.V.(%) 99 141 160

Table 5 Mean of coverage rate and C.V. according to sprayer ground speed in directed

application to lower portion of plants

Sprayer ground speed
S d speed 1.1 km/h
prayer ground spee r 1.7 kmvhr
Coverage rate 14.5 1.5
C.V. 164 283
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Fig. 8 Droplet density distribution at different positions of WSP in the broadcast application

(experiment BA).
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Fig. 9 Droplet density distribution at different positions of WSP in the broadcast application

(experiment BB).
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Fig. 10 Droplet density distribution at different positions of the WSP in the directed application to
lower part of plants (experiment DA).
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Fig. 11 Histogram of droplet density in broadcast application (experiment BA; distance between
nozzles: 30cm; sprayer ground speed: 1.1km/hr).
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Fig. 12 Histogram of droplet density in broadcast application (experiment BA; distance between
nozzles: 30cm,; sprayer ground speed: 1.7km/hr).
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