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ABSTRACT

The purpose of this study was to find a method for the use of an automatic pest

monitoring machine with a sticky-roll tape type for the purpose of automating pest
monitoring in crop cultivation. First, the attraction characteristics of several pests to
the yellow sticky trap (YST) were evaluated according to the installation angle.
Second, we investigated the relationship between the pest density on sticky traps and
plants to use in the control decision making by using the pests caught on YST.
The first experiment was conducted to examine the attractiveness of YST for insect
pests by the angle of inclination of the trap surface. In strawberry farms with high
bed system, YSTs were installed to attract insect pests in vertical direction with one
surface, horizontal direction with upper and lower surface, and angle of 45° with
upper and lower sticky surface. Thrips and Sciaridae species were more attracted on
upper surface of 45° angle trap, vertical surface and upper surface of horizontal trap
than on lower surface of 45° angle trap or horizontal trap. Cicadellidae species were
caught more on vertical surface and upper surface of 45° angle trap than on other
traps. There were no specific trend in capture of aphid and white fly species among
traps, probably because of a low density of the pest species.

Pest adhesive part of the automatic pest monitoring machine is composed of
sticky-roll tape (SRT) and attraction plate (yellow color), which placed about 5 cm
away from SRT. Using YST and simulated SRT, the numbers of thrips caught were
compared in strawberry farms with high bed system, and the relationship between
thrips density on sticky traps and actual strawberry plants was analysed. The thrips
caught on YST was higher about twice than on SRT. For the two traps of YST and
SRT, the parameters of nonlinear equations that describe the relationships of thrips
density per flower vs. flowers infested with thirps, thrips caught on sticky trap vs.
flowers infested with thirps, and thrips caught on sticky trap vs. thrips density per
flower were estimated. Consequently, a decision making strategy for the control of

thrips was suggested using the estimated parameters of nonlinear equations.
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Fig. 1. The diagram of trap installation method at different angles in a strawberry farm with high-bed system. Yellow sticky trap

(YST) were in vertical direction with one surface, horizontal direction with upper and lower surface, and angle of 45° with upper and

lower sticky surface.
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Fig. 2. The intensity of illumination was measured at perpendicular line of 10, 15 and 20 cm apart from YST surface using a light
meter (LI-250, Seial No. LMA-1169, USA). For the purpose of comparison (namely reference), the intensity of illumination was
measured open space inside and outside of greenhouse. The measurements were repeated 10 times on 10 May, 2019 (14:00 — 17:00) in

a strawberry farm.

_10_



)
=

=

3 3320 A
Z A}

3]

A

[}
=

A A e =7
20194 44 9

Ea

-

1

5

A 57t

A A7

vl

Ho = g ® F W Mo T W B O @ N oT T I
Sy 8 — - %%ﬂ% ©° v Ao wm
TN A71wemnﬁﬂ - T T oo ke 4 W AR
B Moo 0 b R T T o g ™
w8 tex I g Pgy < T E
= oo CHIOY o o & e N
WM = ﬂ oF - < o ™ T G LU =S o
W_ o| oo . & Ho ~ 9, G E S ™
R g M5 HE e AR
o R o+ E o om g 2o og W p Now Eog
il i & - o - R
TP p§TEw Ty HagdToeop
o = 7 8 @ & o = I -
2 X o mX \_.WO wlArO ‘mﬂ :i l~ O_E @M < X
- T T Moo B = = N = g N
- S0 B0 > W= M X S g Np o 2
ol ol Woxe o = __% 5 = iy T = o o)
© = ~ X 1__.Aa ~ HA o E ca ) ,UF =T ol ol
- @ Ho ea MmO 2 o B o L
I T = B - o il N
- = B = g ~ T B = oy o
= i) T o N 5] ~ g Mo H .
oV E = o ] N o g 5 o> X BT o= e ﬂM
=S e TEH O EEgy om T EwogE
PR OB E L .M H T awm 2wk oom®
+ o ®oE oL B LMo ST I
ST N AR I SR S R )
ol VI o E o oo =5 T w X 7
T . ® ™ o -5 o W
= D =~ 7 ™ g 1) O ™ = il SR o o
Y2 RS A e rERrRSET® g
. do B g = T Moo= M o o Ko LR A o
WY Bl S oy By T x ) <
N o= X H 3 W _Mﬁ oo N o P Wox m E
o K A~ S e A~ CUN - T a4 WS o oo
N ] N X il b ~
SR oy = W % ox = o o OB
=3 B it = — e — T -
o o} E s 1 - K —~ Nfo
0 # ‘Nv_ﬂ o ol 0 # (@\] ‘WO :i n \H_Tﬂ E#E ;OL ~o o Lnua :i
B B xR d w5 SO N TR G S
- R - I T = ~ M oS 9 owe

_11_



el

o

I

3
=

2 745 sl

R RE

EEEE

el

=
3

"o

29150 x 250 mmy;

=

A A
1

[}

(roll) = A QoA <

=

2 (20 x 26 cm, 2T)°| 7|& A5 =

3=
— 1
_LLU_J‘]

g ]
A

1
Z“l
o

<]
A
B
o
B

B

—
fite)

—_—

<

el
o
T

o)

=

e
o

Greenagrotech, Korea)2 &%

2 H] ©]

pzs

3|
=

&t

o

ﬂl

B
o

L7 o}

£

A og AF o

bl ot

S

RS

==
=

327} vhe = ek A
_12_

3]

X

1)

5~7Tmm ©| A%



-

......

PRE——

~ Sticky tape

Visual attraction
plate

Supporting plate

D Sticky tape
__— Yellow sticky___
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Fig. 3. The Structure of automatic monitoring system of insect pests with sticky roll
tape (SR-AMS). A = Overall appearance of SR-AMS; the box indicates the rotating
part of sticky roll tape and attraction and attachment part of insect pests, B = the
rotating part of sticky roll tape, C = Schematic diagram of attraction and attachment

part, and D = Simulated traps for the attraction and attachment part.
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Table 1. The attractiveness of yellow sticky trap for thrips species according to the installation angle of traps in strawberry farms

Vertical position Tilted position (45°) Horizontal position

Date investigated

(Single side) Upper side Under side Upper side Under side
Farm 1
2018-04-28 224.4 + 46.09ab' 362.2 + 64.66a 16.8 + 6.81b 208.2 + 83.80ab 9.8 + 5.26b
2018-05-03 96.6 + 19.22ab 145.8 + 39.46a 13.4 £ 4.23¢ 56.4 + 4.80bc 2.8 £ 0.80c
2018-05-10 38.2 £ 4.61ab 53.8 £ 13.71a 2.6 = 0.40c 15.2 £ 3.02bc 0.2 + 0.20c
2018-05-17 4.0 £ 1.70ab 22.4 + 9.53a 0.0 £ 0.00b 5.0 = 1.30ab 0.4 £ 0.24b
Sub-mean 90.8 £ 48.46 146.1 £ 76.70 82 =+ 4.08 71.2 + 47.00 33 + 225
Farm 2
2018-04-28 4.8 =+ 0.80a 3.8 £ 0.37a 0.8 £ 0.37b 1.6 £ 0.40b 0.0 = 0.00b
2018-05-03 4.2 + 0.66a 3.0 £ 0.55a 0.8 £ 0.58b 0.8 £ 0.37b 0.0 = 0.00b
2018-05-10 5.0 £ 1.26a 4.8 £ 0.97a 0.0 £ 0.00b 1.6 £ 0.60b 0.2 + 0.20b
2018-05-17 4.6 = 1.50a 2.8 £ 0.92ab 0.2 £ 0.20b 1.0 £ 0.32b 0.0 = 0.00b
Sub-mean 47 = 0.17 3.6 £ 0.45 0.5 £ 0.21 1.3 £ 0.21 0.1 £ 0.05

_’]9_

' Means with same letters in a row are not significantly different by Tukey test (P = 0.05).



Table 2. The attractiveness of yellow sticky trap for Sciaridae species according to the installation angle of traps in strawberry farms

Vertical position Tilted position (45°) Horizontal position

Date investigated

(Single side) Upper side Under side Upper side Under side
Farm 1
2018-04-28 152 + 7.73a' 3.0 £ 1.10a 3.0 £ 1.00a 2.4 £ 0.93a 2.6 + 1.47a
2018-05-03 1.0 £ 0.45a 1.6 £ 0.40a 1.0 £ 0.32a 2.0 = 0.55a 0.6 £ 0.24a
2018-05-10 12.0 £ 6.82a 7.6 £ 4.92a 1.4 £ 0.51a 1.8 £ 0.73a 0.8 £ 0.37a
2018-05-17 2.8 + 1.16a 3.0 £ 0.71a 2.0 + 0.63a 2.0 + 0.32a 24 + 0.8la
Sub-mean 7.75 + 3.46 3.8 £ 1.30 1.9 £ 0.43 2.1 £ 0.13 1.6 £ 0.52
Farm 2
2018-04-28 14.8 £ 3.54a 12.0 + 2.55ab 2.6 £ 1.21bc 7.6 + 2.06abc 0.4 £ 0.24c¢
2018-05-03 3.6 £ 0.93a 3.6 £ 0.93a 2 + 1.26a 4.0 + 1.52a 0.2 + 0.20a
2018-05-10 11.2 £ 1.71a 10.4 £ 1.60a 2.8 + 0.49b 8.0 £ 0.95a 0.2 + 0.20b
2018-05-17 13.8 £ 1.96a 14.2 + 2.03a 2.4 £ 0.93bc 9.2 + 2.24ab 1.4 + 0.51c
Sub-mean 109 + 2.53 10.1 + 2.30 25 + 0.17 7.2 £ 1.10 0.6 £ 0.29

_20_

' Means with same letters in a row are not significantly different by Tukey test (P = 0.05).



Table 3. The attractiveness of yellow sticky trap for Cicadellidae species according to the installation angle of traps in strawberry farms

Date investigated

Vertical position

(Single side)

Tilted position (45°)

Horizontal position

Upper side Under side Upper side Under side

Farm 1
2018-04-28 162 + 1.59' 5.8 = 2.96b 40 + 1.87b 3.6 + 1.75b 1.6 £ 1.17b
2018-05-03 11.0 £ 0.84a 6.2 + 1.93ab 2.2 £ 0.80b 2.4 + 191b 2.0 + 1.14b
2018-05-10 27.2 £ 3.22a 104 + 1.83b 2.2 £ 0.73bc 2.4 £ 0.75bc 2.0 £ 0.71c
2018-05-17 16.4 £ 9.84a 16.0 £ 5.65a 42 + 1.53a 3.0 £ 1.58a 3.2 £ 0.92a
Sub-mean 17.7 + 3.40 9.6 £ 2.37 32 £ 0.55 29 £ 0.29 22 + 035

Farm 2, No available data

' Means with same letters in a row are not significantly different by Tukey test (P = 0.05).
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Table 4. The attractiveness of yellow sticky trap for Aphid species according to the installation angle of traps in strawberry farms

Date investigated

Vertical position

Tilted position (45°)

Horizontal position

(Single side) Upper side Under side Upper side Under side
Farm 1
2018-04-28 0.6 + 0.40a' 1.6 + 1.17a 0.0 £ 0.00a 3.0 £ 1.55a 0.4 + 0.24a
2018-05-03 0.0 = 0.00a 2.4 + 1.50a 0.2 £ 0.20a 0.8 £ 0.37a 0.2 £ 0.20a
2018-05-10 1.8 £ 0.92a 2.2 + 0.66a 0.0 £ 0.00a 1.6 £ 0.51a 0.2 + 0.20a
2018-05-17 0.2 £ 0.20a 2.8 + 1.80a 0.0 £ 0.00a 1.6 £ 0.75a 0.2 £ 0.20a
Sub-mean 0.7 £ 0.40 23 +£0.25 0.1 £ 0.05 1.8 + 0.46 0.3 + 0.46
Farm 2
2018-04-28 0.2 £ 0.20a 0.0 £ 0.00a 0.0 £ 0.00a 04 + 0.24a 0.0 £ 0.00a
2018-05-03 0.0 = 0.00a 0.0 £ 0.00a 0.0 £ 0.00a 0.2 £ 0.20a 0.0 £ 0.00a
2018-05-10 0.4 £ 0.24a 1.0 £ 0.77a 0.0 £ 0.00a 0.6 £ 0.40a 0.2 £ 0.20a
2018-05-17 0.0 = 0.00a 0.4 £ 0.24a 0.0 £ 0.00a 0.6 £ 0.40a 0.0 £ 0.00a
Sub-mean 0.2 £ 0.10 04 + 0.24 0.0 £ 0.00 0.5 = 0.10 0.1 = 0.05

' Means with same letters in a row are not significantly different by Tukey test (P = 0.05).

Farm 1 — 4/28 : F = 2.88; df = 8, 16; P = 0.0343, 53 : F = 1.78; df = 8, 16; P = 0.1560, 5/10 : F = 191; df = &, 16; P
0.1280, 5/17 : F = 1.39; df = 8, 16; P = 0.2717.

Farm 2 - 4/28 : F = 1.00; df = 8, 16; P = 0.4726, 53 : F = 1.00; df = 8, 16; P = 0.4726, 5/10 : F = 1.00; df = 8, 16; P
0.4726, 5/17 : F = 1.75; df = 8, 16; P = 0.1621.
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Table 5. The attractiveness of yellow sticky trap for white fly species according to the installation angle of traps in strawberry farms

Vertical position Tilted position (45°) Horizontal position

Date investigated

(Single side) Upper side Under side Upper side Under side
Farm 1
2018-04-28 0.8 + 0.20a 0.6 = 0.24a 0.2 + 0.20a 1.2 £ 0.73a 0.4 + 0.24a
2018-05-03 0.6 = 0.24a 0.2 + 0.20a 0.2 + 0.20a 0.4 = 0.24a 0.4 £ 0.40a
2018-05-10 0.0 £ 0.00a 0.4 + 0.24a 0.4 + 0.24a 0.4 = 0.24a 0.2 £ 0.20a
2018-05-17 0.6 = 0.24a 0.2 + 0.20a 0.0 = 0.00a 0.0 = 0.00a 0.4 + 0.24a
Sub-mean 0.5 £ 0.17 0.4 £ 0.10 0.2 £ 0.08 0.5 £ 0.25 0.4 £ 0.05
Farm 2
2018-04-28 0.0 £ 0.00a 0.2 + 0.20a 0.2 + 0.20a 0.0 = 0.00a 0.0 £ 0.00a
2018-05-03 0.0 £ 0.00a 0.0 = 0.00a 0.0 = 0.00a 0.0 = 0.00a 0.0 + 0.00a
2018-05-10 0.0 £ 0.00a 0.0 = 0.00a 0.0 £ 0.00a 0.2 = 0.20a 0.0 + 0.00a
2018-05-17 0.0 £ 0.00a 0.0 = 0.00a 0.0 £ 0.00a 0.0 = 0.00a 0.0 + 0.00a
Sub-mean 0.0 £ 0.00 0.1 £ 0.05 0.1 £ 0.05 0.1 £ 0.05 0.0 = 0.00

' Means with same letters in a row are not significantly different by Tukey test (P = 0.05).

Farm 1 - 4/28 : F = 0.81; df = 8, 16; P = 0.6039, 5/3 : F = 0.66; df = 8, 16; P = 0.7204, 5/10 : F = 1.00; df = 8, 16; P =
0.4726, 5/17 : F = 1.45; df = 8, 16; P = 0.2487.

Farm 2 - 4/28 : F = 0.71; df = 8§, 16; P = 0.6830, 5/10 : F = 1.00; df = 8, 16; P = 0.4726.
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Table 6. The intensity of illumination measured at perpendicular line of 10, 15 and 20 cm apart from YST surface. For the purpose of

comparison (namely reference), the intensity of illumination was measured open space inside and outside of greenhouse.

Distance from trap surface (cm)

Trap position

10 15 20

Vertical 596.3 + 25.81bl 1,223.9 + 34.06b 912.1 + 17.80b

45° under 392.6 + 54.38c 1,201.0 + 70.61b 1,849.4 + 52.43a

45° upper 1,236.1 + 24.15a 2,203.7 + 138.15a 722.2 + 33.41bc

Horizontal under 438.2 £ 61.09b 1,014.8 + 40.23b 1,786.3 + 90.00a

Horizontal upper 1,155.8 + 37.04a 2,307.5 + 136.79a 573.2 + 10.21c
Inside of greenhouse 10,975.0 + 683.66
Outside of greenhouse 18,800.1 + 561.16

'Means with same letters in a row are not significantly different by Tukey test (P = 0.05): 10 cm (F = 87.09; df = 4, 45; P <
0.0001), 15 ecm (F = 41.36; df = 4, 45; P < 0.0001) and 20 cm (F = 144.05; df = 4, 45; P < 0.0001).
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Table 7. Mean numbers of thrips species caught on yellow sticky cards (normal

type”) and found on strawberry plants in farm 1, 2019

Date . Sampling method (No. thrips per each unit)
. . Thrips/card .
investigated /Flower /Leaf /5 beatings
April 9 0.75 0.00 0.00 0.05
April 16 1.75 0.00 0.00 0.00
April 23 3.75 0.01 0.00 0.00
April 30 6.50 0.07 0.00 0.05
May 7 8.75 0.03 0.01 0.15
May 14 12.75 0.09 0.00 0.35
May 21 25.50 0.17 0.00 0.57
May 28 78.25 0.34 0.00 0.95
June 4 51.25 0.23 0.00 0.35
June 11 0.00 0.00 0.00 0.00

*This type means commercial yellow sticky cards (150 x 250 mm; Greenagrotech,
Korea)

Table 8. Mean numbers of thrips species caught on yellow sticky cards (non-contact

type”) and found on strawberry plants in farm 1, 2019

Date . Sampling method (No. thrips per each unit)
. . Thrips/card .
investigated /Flower /Leaf /5 beatings
April 9 0.00 0.01 0.01 0.00
April 16 2.25 0.00 0.00 0.00
April 23 2.75 0.02 0.00 0.00
April 30 4.25 0.02 0.00 0.10
May 7 7.75 0.06 0.00 0.30
May 14 6.00 0.16 0.00 0.15
May 21 20.00 0.27 0.00 0.30
May 28 47.25 0.45 0.00 1.95
June 4 28.25 0.49 0.01 0.65
June 11 0.00 0.00 0.00 0.00

*Non-contact type means that sticky tape was away as a 5-7 mm from visual

attraction plate.
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Table 9. Mean numbers of thrips species caught on yellow sticky cards (normal

type”) and found on strawberry plants in farm 2, 2019

Date . Sampling method (No. thrips per each unit)
. . Thrips/card .
investigated /Flower /Leaf /5 beatings
April 9 0.00 0.00 0.00 0.00
April 16 0.00 0.00 0.00 0.00
April 23 0.00 0.00 0.00 0.00
April 30 0.50 0.01 0.00 0.00
May 7 1.50 0.01 0.00 0.10
May 14 5.75 0.07 0.00 0.10
May 21 4.50 0.32 0.00 0.05
May 28 15.75 0.70 0.04 1.10
June 4 41.00 1.09 0.04 2.30
June 11 72.00 4.79 0.02 8.40

* Contact type means that sticky tape was adhered to visual attraction plate

Table 10. Mean numbers of thrips species caught on yellow sticky cards (non-contact

type”) and found on strawberry plants in farm 2, 2019

Date . Sampling method (No. thrips per each unit)
. . Thrips/card .
investigated /Flower /Leaf /5 beatings
April 9 0.00 0.00 0.00 0.00
April 16 0.00 0.00 0.00 0.00
April 23 0.00 0.00 0.00 0.00
April 30 0.25 0.01 0.00 0.05
May 7 1.50 0.04 0.02 0.10
May 14 2.50 0.04 0.00 0.05
May 21 2.75 0.22 0.01 0.15
May 28 7.00 0.75 0.03 1.15
June 4 16.25 1.23 0.03 2.00
June 11 28.25 4.76 0.00 8.70

*Non-contact type means that sticky tape was away as a 5-7 mm from visual

attraction plate.
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Table 11. Mean numbers of thrips species caught on yellow sticky cards (normal

type”) and found on strawberry plants in farm 3, 2019

Date . Sampling method (No. thrips per each unit)
. . Thrips/card .
investigated /Flower /Leaf /5 beatings
April 9 0.00 0.00 0.00 0.00
April 16 0.00 0.00 0.00 0.00
April 23 0.00 0.00 0.00 0.00
April 30 0.00 0.00 0.00 0.00
May 7 0.00 0.00 0.00 0.00
May 14 0.50 0.01 0.00 0.00
May 21 0.50 0.00 0.00 0.00
May 28 2.50 0.04 0.00 0.15
June 4 5.50 0.41 0.00 0.40
June 11 0.00 0.00 0.00 0.00

* Contact type means that sticky tape was adhered to visual attraction plate

Table 12. Mean numbers of thrips species caught on yellow sticky cards (non-contact

type”) and found on strawberry plants in farm 3, 2019

Date . Sampling method (No. thrips per each unit)
. . Thrips/card .
investigated /Flower /Leaf /5 beatings
April 9 0.00 0.00 0.00 0.00
April 16 0.00 0.00 0.00 0.00
April 23 0.00 0.00 0.00 0.00
April 30 0.00 0.00 0.00 0.00
May 7 0.00 0.00 0.00 0.00
May 14 0.50 0.00 0.00 0.00
May 21 2.50 0.00 0.00 0.00
May 28 2.50 0.08 0.00 0.10
June 4 8.50 0.45 0.00 0.45
June 11 0.00 0.00 0.00 0.00

*Non-contact type means that sticky tape was away as a 5-7 mm from visual

attraction plate.

_28_



2-

o
o
:>lJ:"4
e
o)
lo
Nl
of

g Fad = #AF B A2 &) A
Zol A FAEY £ T Do HH FAFS WA= Fig. 4A¢ o] Taylor
A 2 (Taylor, 1961)0 2 A3 = Avhdf = 45, F = 826.82, P<0.001). =74%
7 S ZEe a = 1.9225 + 0.34366, b = 1.3201 + 0.11613% FA ¥ Y THR?

0.96). MiZNH a7k 18T & go 2 FAEH = oA HSEEE B o=

UEFS T Taylore] AH oA 2 wi7iisE o] &sto] T £ 7

dso wE &2 74y

Zhell mbet A gell= 2
Fol= =g F7hst

b4t/
o
A
o
O(“){zl
ol
ol
X
e
310_(1‘
ol
ol
2
e

_29_



24 1.0 ™

*  Observed o Observed P
p A Estimated E B — EE“"“E“E"{_____.---"'._
0 4 y = E-II' . / % 05 ___,.-'"-.-'-
a = 19225 - - '
161 b=13201 /’” T / i
8 : R? = 0.96 B £ 4
z 12 o 4
; f/ g C, 4 J}f -l
B _.-f""f = !
>3 k-]
e E s - Pil) = T-expi=xloglaxt1)/(axt1-1})
4 i 5 {a = 1.9225, b = 1.3201)
o
=]
0 J'/' ; : ; ; i %o ; ; . . .
[¥] 1 2 3 4 5 L] i] 1 2 3 4 5 B
Mean number of thrips per flower Meaan number of thrips per flower

Fig. 4. The relationships between mean and variance of thrips found on flowers. A =
The relationships between the mean number of thrips per flower (x) and variance
(y), and B = The relationships between the mean number of thrips per flower and
the proportion of flowers infested with thrips. The observed data sets are based on

combined data from three strawberry farms.
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Table 13. Estimated parameter of the nonlinear equation for the relationships between

mean number of thrips pver sticky card and proportion of flowers infested with thrips

Normal yellow sticky card Non-contact sticky card
Parameter
Estimated SE Estimated SE
a 54.09 19.494 94.58 50.049
b 1.49 0.106 1.09 0.233
R’ 0.89 0.81
0B+ 0.8 -
m  Fam2 m Farm2
2 A 4 Farm3 - g B &  Farm 32
F Estimated 5 Estimated
: U6 e OB : 06
= =
L - &
%] - L] % L
é; D4 - ¥ o 04 4 ]
5 o 5 .
& i 8 02
; 02 Pily = 1-expi-zloglaxt")/lax! _1 =1h 1] P} = 1-exp{-dogiaxt)faxb1-1))
3 {a = 5409, b = 1.49, R? = 0.89) g (a = 9458, b = 1.09, RZ = 0.81)
; | g )
e ]
oo e ' ' ' : o0 ks ' ' ' .
[ 20 40 &0 a0 100 a 10 i ] 0 40 50
Mean number of thaps per sticky trap Mean rumber of thrips per sticky trap

Fig. 5. The relationships between the mean number of thrips per sticky card and the
proportion of flowers infested with thrips. A = Normal yellow sticky cards, and B =

Non-contact sticky card.
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Table 14. Estimated parameters of the nonlinear equation for the relationships

between mean number of thrips per sticky card and the mean number of thrips per

flower
Parameter Normal yellow sticky card Non-contact sticky card
— b . .
(y=ax’) Estimated SE Estimated SE
a 0.0272 0.00708 0.0047 0.00281
b 1.2090 0.06149 2.0672 0.18147
R’ 0.99 0.98
5 - L] ’
rm 2 ®  Farm 2
A i / B L rams
i - Estimated p _ 4 : Estmated -
% y = ax! / g y = axt
pu a = 00272 3 i a = 0.0047
g3 b = 12090 B aq b = 20672
B R = 099 / g R? = 0.98
% s £
% // 2 -Ex /'-’
E 1 > o Ty Vi
& . 7
" _f__.!f'
0o m i - : : | ask— ,
o 20 40 &0 0 10 a0 an 40
Mean number of thrips per shicky trap Mean number of thrips per sticky trap

Fig. 6. The relationships between the mean number of thrips per sticky card and the
mean number of thrips per flower. A = Normal yellow sticky cards, and B =

Non-contact sticky card.
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Theips per Vallow | Continue manitaring

Sticky trap —A
I
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Conversion Module | _ -0
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Proportion of flowers
infested with thrips

[P(x;)]

Dix;) or
Pix)
z El
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[DOx)] |

L 3

&
Flower vs. Infestation
Conversion Module
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Chemical
Spray

Fig. 7. A example for the decision-making system using yellow sticky traps for the
control of thrips species in strawberry farms. A = Direct estimation module for the
proportion of flowers infested with thrips, and B = Estimation module via thrips

density per flower for the proportion of flowers infested with thrips.
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