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Abstract

Various insecticides were sprayed during the second and third tea seasons, and 12 to 24 plots (approximately 10 m? / plot) were
set up in which the density of the tea green leathopper Empoasca onukii Matsuda was adjusted. The visual images of these tea
fields were photographed using an unmanned aerial vehicle before the plucking season. The mean values of RGB colors were
extracted from the image of each treated section and various arithmetic expressions were constructed by combining them
differently. The correlation between these values of the formulas (x) and the rate of damaged shoots by the insects (y) was
analyzed. According to the result, in the second tea season, a significant high correlation was recognized between many
calculation formulas (x) and the damage rate (5 by the insects. However, in the third tea season, a significant correlation was
found only with a few of equations. Moreover, the contribution rate was low. When the data regarding the second season for 2016
and 2017 were compiled, some estimation formulas were obtained for estimating the percentage of damaged shoots (y: angular
conversion value) by E. onukii, ie., y =0.0205R-154 (n= 36, R2=0.645, p<0.01), and y =0.00945 (R+()-1.76 (n= 136, R2=
0.602, p<0.01), where R and G are the mean values of red and green respectively. Additionally, the distribution map according to
the degree of damage by applying an estimation formula (x= R+G) reflected the difference in the degree of damage appropriately.
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Fig.1. Relationship between the densities of E. onukii and
the rates of new shoots of second flush damaged by the
insects, in 2016. The densities of E. onukii indicate the sum
of the insects captured by the beating method on each 7 and
0 days before the day on the investigating the damage
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Fig.2. Relationship between the densities of E. onukii and
the rates of new shoots of third flush damaged by the insects,
in 2016. The densities of E. onukiiindicate the sum of the
insects captured by the beating method on each 10 and 3
days before the day on the investigating the damage
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Fig.3. A photograph of a tea field with new shoots of second
flush infested by tea green leathopper, E. onukii on 20
June in 2016, taken by UAV. Lines show boundary of the
various treatment area. Photographing date was around
optimum plucking time.

Fig.4. A photograph of a tea field with new shoots of third
flush infested by tea green leathopper, E. onukii on 15
August in 2016, taken by UAV. Lines show boundary of
the various treatment area. Photographing date was
around optimum plucking time.
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Fig.5. A photograph of a tea field with new shoots of second
flush infested by tea green leathopper, E. onukii on 27
June, 29 June and 3 July in 2017, taken by UAV. Lines
show boundary of the various treatment area.
Photographing date was around optimum plucking time.
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Table 1. Contribution rates (%) on the relationships between calculation formula
combining each RGB band value (x) and the rates of new shoots of second flush damaged
by E. onukii (y) or the densities of the insects (). Data in 2016 were used

Calculation formula (x)

Dependent variables ( y )

Densities of E. onukii v

Rates of new

ETH -7, 25X E GO ”
ROB S 4AE 2 | o175 Aot 12+7+0 7+0 shoots damaged
B IR S R (red) 0.5496 *+  0.5606 ** 0.4118 **
TBHEAIC L D8I 0 & F G (green) 05510 **  0.5591 ** 0.4095 **
A OFE(F L OWETR B (blue) 0.4297 ** 0.4654 ** 0.3068 **
s e | g R+G 0.5516 ** 0.5613 ** 0.4118 **

DAEHE () & OF DR
. R+G+B 0.5420 ** 0.5568 ** 0.4019 **

T WpEdER
R2 % Table 2 1. BEIHFH o op 0.5309 ** 05497 ** 0.3932 **
FRBIBIR GRS B E T R/B 0.0614 ns 0.0805 ns 0.0224 ns
B7Y 4FiDI (Table 2) L72 (R—B)/(R+B) 0.0700 ns 0.0922 ns 0.0303 ns
. . R+G-B 0.5572 ** 0.5593 ** 0.4199 **

v, 1FEAEOEEXTHER
) WHATH (R+G)/B 0.1850 * 0.2095 * 0.0998 ns
*Efﬁfﬁf%liﬁﬁﬁ) %ﬂfcﬁz))of:- G—R 0.4180 ** 0.4379 ** 0.3264 **
F72, RGB EOZIENEMST G/R 0.4736 ** 0.4757 ** 0.3533 **
LT A—# L L BRI Y (luminance) 0.5491 ** 0.5597 ** 0.4084 **
*% *% * %

BT, R2=034 (p<005) Y+R 0.5498 0.5607 0.4106

o o Y+G+R 0.5508 ** 0.5609 ** 0.4108 **
& SBWARIITILAD LA (G—R)/(G+R) 0.4893 ** 0.4938 ** 0.3662 **
B Ipo s, = aNS B L (G—B)/(G+B) 0.2741 ** 0.3071 ** 0.1765 *
DOENETIL, 1BIEF R CORE NR (normalized red) 0.4740 ** 0.4611 ** 0.3704 **
KT, HE BRI & NG (normalized green) 0.4456 ** 0.4624 ** 0.3183 **
; ’ NB (normalized blue) 0.2027 * 0.2348 ns 0.1223 ns
gipote (Table 2) NG+NR 0.2027 * 0.2348 ns 0.1223 ns
2016 F=FEARIFIZOVTIE, NG-NR 0.4824 ** 0.4882 ** 0.3570 **
#nko g asg LRI, T NR+NB 0.4456 ** 0.4624 ** 0.3183 **
I IcoNnTHLETF— 2|k NR—NB 0.1013 ns 0.0767 ns 0.1061 ns
N NR+NG—NB 0.2027 * 0.2348 ** 0.1223 ns
DEHALEEFRBLCEE v /(Reg+B)a) 04015 **  0.4258 ** 0.2789 **
EDOBIFREMHT LI ORI, (035R0.0088G—0,026B—1.11" - 0.4249 **

FATORGIR L BEFES X
OTFI Y~ BEL OMIC, A

1) "12+7+0" means sum of the densities captured by the beating method on each 12, 7, and 0
days before the day of photographing by UAV

2) Angular transformation values was used for the analysis of relationships
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2017 4 EAIEHERI IR L2 1358 % Figh (1,
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A PrEER & OMBIRER L% 5-8% Table 317
BN LA, BTEO B TOMNT T
BIREIOFERE (Table 1) 238D 6NN ERAT. <D
EHCH BRI RO 5, R EMAY R2=0.70

3) **: p<0.01, *: p<0.05, ns: p>0.05
4) Multiple regression equation with each RGB as three variables instead of explanatory

~090, R+G TiZ R2= 058~089, Y+R TiZ R2=0. 62
~089 &, W O DOHERTIIEWHESEE R L.
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Table 2. Contribution rates (I2) on the relationships between calculation formula
combining each RGB band value (x) and the rates of new shoots of third flush
damaged by E. onukii () or the densities of the insects (). Data in 2016 were used

HA4FE (Tablel, 3) AIBA T

Calculation formula (x)

Dependent variables (y )

Densities of E. onukii " Rates of new

AL, FHBERBERAfRbT L7z 14+10+3 10+3 shoots damagedZ)
ZORER FEH (x) B R R (red) 0.0501 ng”  0.0409 ns 0.0631 ns
N G (green) 0.0359 ns 0.0279 ns 0.0455 ns
BT R2=064, RHG TR=060, g (jye) 0.1523 ns  0.1033 ns 0.3370 **
R+G-B T R2=058, (G-R) / R+G 0.0431 ns 0.0344 ns 0.0544 ns
GHRT R2 =042 L7210, R R+G+B 0.0562 ns 0.0437 ns 0.0793 ns
e - R+B 0.0747 ns 0.0580 ns 0.1117 ns
OHEZRMHBIBR (p<001) 258 R-B 00235 ns  0.0213 ns 0.0189 ns
OHNDELEBIT, FROENC R/B 0.0041 ns  0.0012 ns 0.0411 ns
L AF—2 DR OFREEI/NE 2 (R—B)/(R+B) 0.0076 ns 0.0040 ns 0.0465 ns
. (Fig.G) ) R+G—B 0.0297 ns 0.0247 ns 0.0312 ns
(R+G)/B 0.0212 ns 0.0116 ns 0.0969 ns

G-R 0.1524 ns 0.1474 ns 0.1875 *

3 WEFROHETEEIZEDL G/R 0.0697 ns 0.0557 ns 0.0888 ns
TvELHY (G-RIY 0.0758 ns 0.0617 ns 0.0976 ns
I . (G-R)*Y 0.0029 ns 0.0008 ns 0.0052 ns

2016 47 FASF ORI A 7T (G-B)/(G+B) 0.0546 ns 0.0360 ns 0.1647 *
12, R+G %S L LicHeE= Y (luminance) 0.0436 ns 0.0342 ns 0.0571 ns
12X B I A BELEROFLEER Y+R 0.0471 ns 0.0377 ns 0.0603 ns
| . | Y+G+R 0.0433 ns 0.0343 ns 0.0552 ns

sriiiE Fg (o7 Fig? 13, (G—RI(G+R) 0.0721 ns 0.0585 ns 0.0911 ns
AR (Figd) 125 e, @ Y*R 0.0504 ns  0.0423 ns 0.0644 ns
DOPFRIZ IV XE T & DR ERRE log(Y*R) 0.0442 ns  0.0337 ns 0.0565 ns
N _ _ . Y+G—R 0.0275 ns 0.0200 ns 0.0368 ns
PEENL MRS T NR (normalized red) 0.0258 ns 0.0230 ns 0.0184 ns
BESATHE, B EHO 982 NG (normalized green) 0.1619 ns  0.1239 ns 0.2876 **
THWEDEATTFHENLL, D NB (normalized blue) 0.0293 ns 0.0185 ns 0.1057 ns
EPT%)%L:E%%@[ZET%EZ%#%? NG+NR 0.0293 ns 0.0185 ns 0.1057 ns
o/ NS T NG—NR 0.0864 ns 0.0698 ns 0.1167 ns
60%0 LL EDEIT DVRFE & 72D, NR+NB 0.1619 ns  0.1239 ns 0.2876 **
WEOZNGFTTH D Z & D FiA NR-NB 0.0002 ns 0.0006 ns 0.0059 ns
s, 728, FEOBEWEIOH NR+NG—NB 0.0293 ns 0.0185 ns 0.1057 ns
w . Y/((R+G+B)/3) 0.1647 * 0.1222 ns 0.3438 **
WL (e=R-B) ZTHEE 0.0089R — 0.011G+0.055B — 0.49" - 0.3434 *

1-4) See table 1
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Table 3. Relationships between calculation formula combining each RGB band value (x)
and the rates of new shoots damaged of seond flush by E. onukii (3). Data in 2017 were

used

Photographing date
INA DEEFE % IEHEIC LT
A DEE EERLS 2017/6/27 2017/6/29 2017/7/3
3 ER=VaY did ==
B9, LD & Calculation formula (x) r R r R r R?
DR R ST R (red) 0.922 0.850 **V 0.951 0.905 ** 0.838 0.703  **
5, THI =TI, G (green) 0.846  0.716  ** 0.916 0.839  ** 0.637 0.406  **
B (blue) 0.697 0486 * 0.817 0.668  ** 0.758 0.575  **
gz -
R &R *& @F'HEHJE R+G 0.895 0.800  ** 0.941 0.886  ** 0.761 0.579  **
=) 7 R+G+B 0.913 0.833 ** 0.933 0.871  ** 0.788 0.621  **
53 155 ‘f‘ nu X
R+B 0.909  0.827 ** 0.921 0.848  ** 0.845 0.715  **
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Fig.6. Relationships between some calculation formula combining each RGB band value (x) and the rates of new shoots of second
flush damaged by E. onukii (). Data in both 2016 and 2017 were used.
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