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Distribution characteristics of droplets generated by air-assisted tower or-

chard sprayers with different numbers of nozzles
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Abstract: [Objective] Apples (Malus domestica ) are perennial crops, and pests and diseases occurring
on it are complicated. It is necessary to adopt suitable application methods to control them. Air-assisted
sprayer is the dominating equipment used in large-scale apple orchards in China. In this study, the appli-
cation of air-assisted sprayers with different numbers of nozzles in apple orchards were evaluated by in-
vestigating the droplet characteristics, pesticide utilization ratio and distribution.[Methods]The experi-
ments of this study were conducted in a dwarf-rootstock apple orchard with an intensive planting pat-
tern in Weihai, Shandong. The five-year-old apple variety (M. domestica ‘ Yanfu 3”) was used as the ex-
perimental materials. The regeneration rate of different concentrations of allura red on apple leaves and
culture dishes were investigated to determine the applicability of allura red. In addition, the standard
working curves of allura red were constructed. The experimental plot was 50 m in length, and three sep-
arated apple trees were randomly selected for sampling. To measure the deposition of droplets, 20 g allu-
ra red was dissolved in 100 L of water, and the solution was added into a 3WF-1000 air-assisted spray-

er. Then the spraying was implemented along both sides of the trees using a 16-nozzle sprayer or a 32-
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nozzle sprayer with uniform pressure and wind speed. Water consumption was determined by recording
the initial amount and remaining amount of water. The volume median diameter (VMD), droplet densi-
ty and coverage were measured using water-sensitive paper at different canopy positions (2.0 m, 1.5 m
and 1.0 m) in five directions (east, south, west, north and middle). The utilization ratio was investigated
by detecting the concentration of allura red deposited on leaves in different canopy positions (2.0 m, 1.5
m and 1.0 m) of the apple trees. The loss index was determined by detecting the concentration of allura
red deposited on petri dishes in four directions (east, south, west and north). [Results] The water con-
sumption of the 3WF-1000 air-assisted tower sprayer with 32 nozzles (284.63 L per 667 m’) was about
twice that of the sprayer with 16 nozzles (148.25 L per 667 m*). The VMD (154.80 um) and coverage
(72.00%) of the sprayer with 32 nozzles were higher than that with 16 nozzles (142.69 pm and 62.20%,
respectively), while the droplet density generated by the 32 nozzle sprayer (123.01 points * cm™*) was
lower than that generated by the 16 nozzle sprayer (141.72 points - cm™). The droplet density in the east,
south, west, north and middle of the canopy was higher in 16 nozzle treatment than in 32 nozzle treat-
ment, and the difference in droplet density in the west and north sides of the canopy was significant
(p < 0.05) between the two treatments. The VMD of 16 nozzle sprayer was lower than that of 32 noz-
zle sprayer in all directions except for the east, where VMD in the 16 nozzle treatment (152.44 pwm) was
slightly higher than in the 32 nozzle treatment (146.33 um). The coverage of the 16 nozzle treatment
was lower than that of the 32 nozzle treatment, the difference being significant (p << 0.05) in the east,
west and north of the canopy. The average foliar deposition in the 32 nozzle treatment (0.24 pg - cm’™)
was slightly higher than that of the 16 nozzle treatment (0.22 pg - cm™). The foliar deposition in the 32
nozzle treatment in the inner canopy was higher than that in the outer canopy, with a droplet deposition
ratio of 1.58 and 1.14 (inner: outer) for the middle and lower canopy, respectively; the foliar deposition
in the 16 nozzle treatment in the outer canopy was higher than that in the inner canopy, with a droplet
deposition ratio of 0.74 and 0.62 (inner: outer) for the middle and lower canopy, respectively. The
ground deposition in different treatment was significantly different (p << 0.05). The ground deposition
and ground loss index in the 32 nozzle treatment, 0.64 pg - cm™and 25.1%, respectively, were signifi-
cantly (p < 0.05) higher than those in the 16 nozzle treatment, i.e., 0.43 pg-cm™ and 19.4%, respective-
ly. The utilization rate in the 32 nozzle treatment (36.9%) was lower than in the 16 nozzle treatment
(43.7%). This might be due to the accumulation of liquid on the leaves resulting in the increase in
ground loss index, which in turn reduced the utilization rate of pesticides. [Conclusion]In summary,
with the increase in nozzle number, the VMD, coverage, foliar deposition, ground deposition and loss
index increased, but droplet density and utilization rate decreased. The droplet density and droplet diam-
eter generated by the 3WF-1000 air-assisted tower sprayers with both 16 and 32 nozzles satisfy the
need for pest and disease control.

Key words: Orchard; Air-assisted sprayer; Utilization ratio; Loss index; Droplet density; Droplet cover-

age; Volume median diameter of droplet
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Fig.1 The schematic diagram of sprayer arrangement
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Fig. 2 Schematic diagram of water-sensitive paper sampling point
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Table 1 The average elution recovery of allura red on

apple leaves and petri dishes

. [ % Recovery/%
I — —
Adding mass/pg SER S HiFr 1L

Apple leaf Petri dish
15 101.03+0.36 a 100.51+0.34 a
30 101.28+2.72 a 99.74+0.62 a
50 102.62+0.76 a 99.38+1.50 a
65 102.37+0.09 a 100.95+0.23 a

RS A RN FREFROR 5%k LR EE . R,
Note: Different lowercase letters in the same column indicate signifi-

cant difference at 0.05 level. The same below.
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Table 2 The water consumption in treatments with different numbers of nozzles

b3 KK Wt T A BRI AT Rk

Treatment Total water consumption/L Spraying area/m’ Time/s  Driving speed/(m-s™) Water consumption per 666.7 m’/L
16AmEk  16.67 75 4317 116 148.25

16 nozzles

324k 3830 96 4036 1.24 284.63

32 nozzles
3N FMBRREERLE (p<005), B 233 RREAWKHEGTHTARY B & NE

RS R K T 5 L 25 A
THWEIE

=3 ARk

M5 Sk AR B PN A ) R URR S R B, 16 A1 32
M5 Sk A BHAE B A R R R TR I A 25T AR R
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Table 3 The droplet characteristics in treatments with different numbers of nozzles

kb 16 1Mk 32wk
Treatment 16 nozzles/(148.25 L per 666.7 m®) 32 nozzles/(284.63 L per 666.7 m*)
i 4 East 124.07£15.85a 100.38+9.31 a
Droplet density/(points per cn’) 76 West 111.5048.39 a 94.39+3.98 b
# South 146.99+6.24 a 133.59+13.71 a
4k North 157.31£8.07 a 127.66+4.68 b
# Center 168.74£3.93 a 159.05£17.53 a
P14 Average  141.72+23.23 a 123.01+26.09 b
kAR % East 152.44+8.57 a 146.33£6.51 a
Volume median diameter (VMD) of drop/pum 76 West 154223 36 b 165.1125.18 a
# South 148.56+4.44 a 160.22+5.80 a
it North 139.44+4.07 a 157.44+11.36 a
H Center 118.78+8.60 a 144.89+16.28 a
P15 Average  142.69+14.45b 154.80£11.75 a
FHE SRR < East 58.03£1.86 b 74.28+3.43 a
Droplet coverage/% 78 West 67.37+£6.31 a 75.54+1.88 a
4 South 66.63£2.16 b 7421332 a
Jk North 64.73+2.34 a 69.54+5.59 a
1 Center 54.19+0.98 b 66.44+2.14 a
P15 Average  62.20+6.10 b 72.00+4.70 a
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Table 4 The droplet deposition distribution in treatments with different numbers of nozzles
YU N
s it Deposition weight/(ug-cm?®)  Jifi Lk, PR ] EES
L The average of sediment mass/ e .
Treatment Canopy P it VAN Ratio/(inner: outer) (ug-cm?) Utilization ratio/%
Internal External

16 M5k | Upper  0.24+0.03 b 0.23+0.04 a 43.7
16n0zzIes/(148.25 i Migdle  0.18+0.01 be  0.2540.02a  0.74
L/666.7 )

T Lower  0.16£0.02¢  0.25+0.01a  0.62
32 Mk b Upper  0.23£0.02 b 0.24+0.06 a 36.9
32n0zz1es/(284.63 i \jigdle  03540.02a  0.22£0.02a 158
L/666.7 m’)

T Lower  0.23+0.06b  0.20+0.05a 1.14

x5 TRBSHEHHERER
Table 5 The ground loss index in treatments with different numbers of nozzles

AbEE R & SRR/ ES FIH % R
Treatment Ground deposition/(pg - cm™) Ground loss index/% Utilization ratio/% Drift ratio/%
16 M3k 0.43+0.06 b 19.4 43.7 36.9
16 nozzles/(148.25 L per 666.7 m’)
32k 0.64+0.10 a 25.1 36.9 38.0

32 nozzles/(284.63 L per 666.7 m’)
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