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Abstract
To develop methods for using an industrial unmanned helicopter in agricultural fields, this study examined the 

fertilizer application methods and influence of these on citrus trees. When the uniform spraying of a field was 
carried out using a granule spraying device attached to an unmanned helicopter or the granular blending fertilizer 
for the annual fertilization system, although the starting point of the spraying and the areas on both sides of the 
field were less, the spraying was carried out in a moderately uniform manner in the flight direction. However, the 
variation in the lateral direction of the flight was large. Next, when the fertilizer was applied in a 4 m width, mainly 
right above a tree, it spreads more under the crown and this method is considered to be more suitable for citrus 
cultivation. The spraying efficiency was reduced from 36% to 21% compared to hand spraying, but no improvement 
was observed considering the hours of labor. The soil chemical properties, inorganic components in the leaves of 
citrus trees, and fruit quality in the first year after fertilizer application by an unmanned helicopter were not 
significantly different from those when the same fertilizer was hand-applied or when a conventional fertilizer was 
applied. In the future, it will be necessary to further investigate the long-term effects of repeated multiannual 
spraying of fertilizers using the unmanned helicopter on citrus trees, to develop an optimal spraying method for 
steep slopes, and also to consider the spraying efficiency of the method used. 

66,400ha( 29 ) 41%
2)

2 29 27
29%

66% 65 64%
27 )4  

 
15%

44% (
14 ) 3 380 (/ha)

7

 



 
52                                  13 (2020) 

_______________________________________________________________________________________ 
 

 

 42 1,041 
 ha

 543 ha 2017  1 7

5

 

3
3 1 2017 28

2 2018 1 23
3 2019 1 9 2

 

1 10 3.7m
1.9m 2,3 18 (2018)

5.0m 3.5m  

1 1
NK

2
200kg/10a(N:25.0kg P:11.0kg K:21.4kg)
2

2
168kg/10a(N:22.0kg P:10.7kg K:16.0kg)

3 JA
180kg/10a(N:19.8kg P:10.8kg K:16.2kg)

1
 

( ) 
FAZER R 1 3 FAZER( 2 )

L48 
(FAZER R) L4A FAZER

300mm 2.5kg/
720rpm L48 15kg 2

L4A 10kg 2
(https://www.yamaha-motor.co.jp/ums/heli/fazer_r.html#

sparging-apparatus 1 https://www.yamaha-motor.co.
jp/ums/heli/fazer.html#sparging-apparatus  

2
 

1 3 5m km
7.5m

2
50kg 30kg1 20kg1 4

 
2 3 5m 8 7.5m

240kg(12 )
14

 
3 3 5m

4m
1 100m 30kg

15km/h 24 1 (5a)
90kg(3 )  

1 a 34m 14.8m 2 15a(100m 15m)
3 25a(100m 25m)  

1 1.8
3.8m

( 2-1 ) 2 1.65 1.75 80
( 2-2 ) 3 1.65

3.5 32
( 2-3 )  



 
53 

______________________________________________________________________________________ 
 

 

40 100 50 14 11 13 2 5 0.95
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7.1 7.0 aY 22.3 27.8 0.75 0.75 0.77
7.1 6.5 b 21.0 29.1 0.69 0.57 0.69
7.4 6.8 ab 19.4 29.3 0.74 0.77 0.85

X n.s. n.s. n.s. n.s. n.s. n.s.
W

388 423 a 462 a 91 112 ab 99 1434 1531 a 1348
366 286 b 300 b 92 125 a 113 1424 1266 b 1153
405 384 ab 367 b 97 99 b 82 1520 1531 a 1384

.s.n.s.n.s.n.s.n.s.n
260-380

152 141 ab 6.8 7.3 a 6.9 3.9 3.2 b 3.4
148 134 b 7.0 5.9 b 6.3 3.9 3.0 b 3.4
145 153 a 7.9 6.5 ab 6.5 3.5 4.0 a 2.4171

.s.n
6-28-409-55
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Ca/Mg Mg/K 
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05-51001-02

OaCO2K
Truog-P2O5 (mg/100g)

mg/100g

n.s. ** n.s.
5.5-6.0

6.7 39.4
6.4 43.5
6.5 55.3

pH (H2O) EC (mS/m) Total-N ( )

 0-10cm

2017 24 11

Tukey 5%

*,** 10,5,1% .s.

2017.3)

11 11 11 11 11

2.94 2.85 0.13 0.12 1.22 1.02 5.19 5.51 0.39 0.37
2.98 2.85 0.13 0.12 1.18 0.82 5.14 5.15 0.44 0.38
2.92 2.85 0.13 0.11 1.13 0.82 4.82 4.90 0.44 0.37

Y n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
2.9-3.4 0.16-0.20 1.0-1.6 3.0-6.0 0.3-0.6

N(%) P(%) K(%) Ca(%) Mg(%)
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http://www.maff.go.jp/kanto/to_jyo/nenpou/attach/xls/22_
pref.xls 

3) 16 2
7 P3 
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151 22.3 0.91 11.1 1.20 8.0
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Y n.s. n.s. n.s. n.s. n.s. n.s.
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