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ABSTRACT

The optimal installation position of yellow sick trap (YST) according to insect pest
species and the types of crop cultivation is essential to increase the efficacy. This
study was conduct to evaluate the vertical space where insect pests are attracted to
YST in a strawberry farm with high-bed system. A small size of YST (12.7 x 7.5
cm, single side) was installed vertically around the bed-bench of high-bed system in
a dimension of 3 x 7 (column x row). The first layer of YST (namely horizontal
row traps with denoted by the center = B, the right = A and the left = C) was
installed at 70 cm height from the ground, which was located below the bed-bench
(27 cm width and 90 cm height). The position of trap B was arranged at the center
line of bed-bench, and A and B were away 50cm from C to both sides. The traps
for the second to seventh layer were arranged from 30 cm above the bed-bench to
180 cm by 30 cm intervals; resulting in 3 columns of A, B, C and seven rows of 1
to 7 (total 21 YSTs). The dimension of 3 x 7 was separated into two data sets of
A-B and B-C (each 14 YSTs) for the purpose of data analysis. In each data set,
finally, the ranking of a YST in the number of pests or natural enemies was
assigned to find YST positions within the third ranking. The positions with high
ranking were Al, B3, B4, C1 and C3 in aphids, Al, A2, B3 and C1 in thrips, Al,
A2, A3, B3, Cl and C2 in white flies, Al, A3, A4, B2, B3, C2 and C3 in
Cicadellids and B1 in Sciarids. Common position that has high ranking for all insect
pest surveyed was B3. There were on YST positions within the third ranking above
the forth layer. Natural enemies were mainly attracted to the Al, B2 and Cl in
total, Al, A2, B2, Cl1 and C2 in Chalcidoids, Al, Bl and Cl in Aphidinae. In
overall natural enemies were frequently attracted to 1A and 1C. In conclusion, the
optimal position of trap placement for monitoring or controlling pests with the least
damage to natural enemies in the cultivation of high-cultivated strawberries was
determined to be 30 ~ 60 cm height (B3) directly above from the bed. In this study,
the proper locations of YST monitoring for natural enemies as well as the pests
were verified. If desired, it is also possible to select positions to kill less natural
enemies and attract more pests. This result can be presented appropriate guideline for

the use of YST in the strawberry farm with high-bed system.
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Fig. 1. The diagram for trap installation around bed-bench in high bed system
of strawberry cultivation. Yellow sticky cards in size of 12.7 x 7.5 cm were

used in only one sticky side.

3. E

)

ZA}

2018:410€ 74FE 109 28Y 744 33] & 157Y (HHo 2 HAAEAT. o] F &
Ao 25 Az 2% SIS gol A "oAA 3Y 13U7HA] TS
om, L7t FolA= 20199 39 4YUFE 5€31d 7HA 1135 179 4o

2 2A. o) 24 W ol Alze Edow EEAS s

4, %A

130 634, 143 & 882vfoll A AHHPH 32F 2942070419 =SEE 2 A

o]

e 27 T4

o, 20~808) 9] & F-&w F(OLYMPUS SZ51)% ©] &3}t

T4 Bde] gl T Afsta, 7 4" T2 FAEAFES A,

>



o5, el

A ), 7hFol

=

[€)

i)

o] At

E

A 2o wl

=

[€)

al

off v 7]

w}

O
vl

—
fite)

oF

—
fite)

el

—
fite)

ToR

49)

1

7+

bel Amekels 7

AfAH o=

& A4star

oF
&

o}
Gt

I~
vl

~N

2 FAEY, 1~147H4

[©)

Eflo

=2F

3
=

g571 F2 0% 12 T)E =9

2]

_ZTI

9y AeAg

2=
RS

3

917} 3RTHEF

2=
RS

3 tHSAS Institute, 1999).

o

[e]
AAe A



Mo W W ®oo o o
n ﬂww_ wre ﬂ.o m_w w N
—~— E.E oF
w " E NX g
e = M,W T = JJJ
= < = m o &R
Ly S oo owm o
— X o ,UrL H E% N
~X ol = Onﬂ
T o TR
=S ~N T —
S v o B
* E.._ - w il o}
ol T o~ T - ok
_io — ms 0 o
o mR oo = =
o 3P E g R
A ) o O# Q
=3 o 1 ol o D ~
o _uf G s X~ on o ™
o O Wy e = oy <
o dl ﬁo =) Mﬂ h
Cow oy I R
U X o o ul
o 0w T et e xoy
[ —_ [
WD o & o= & o
R G O N Nl
o T X W ol Ho
= v RS
@O g W g &)
o i O MT — B o K
o Ko X (NI . T
L I T N
T T B ol
% AT _z_.o 7E - M.A < o
3 ) o o T W
CCUCR Y
Ao W M ol N = JJ ol
T X ] (I B N R
BV S W
- Q m o o) B ok

A

gl

=
T

5]
&

=

=

3
ff v 1]
16.30%

-
1

767270 A = A

1.6%,
=2

o

2oy ol 2
=

-

1

.
ES

= 12,072 AAolx ¥
A

7ol 7

o|dtt. 5o

=

AA Gk, 1 oo

¢ 60cm¢!

=

CEE IR

=
2.00%,

-

9] 26.34%

=
A5/

=
3

alL

1OHEF 2.70%7F 1 F

RIS

A

] %

%
o

50cmQl 3ol A
2

Z}A]

o
.l

3

=

=

3

A9l 9.33%,

-
X

24
2] 3.40%<}

=

r

<

¢ 30cme FH

=39 26.07%
=278 A A th(Fig. 4).

fl = 2
N A The] 7=
=3

ZA7]
2K

=
¥y

A

1.35% <=o] A tH(Fig. 3).

gl
TH(Table 1).

1)

1

=

o

A



Table 1. Total number of insects (insect pests and natural enemies) attracted to each yellow sticky card (traps) during the study
period (Oct. 7 to Oct. 28 in 2018 and Mar. 21 to May 30 in 2019)

Replication 1 Replication 2 Replication 3
Trap position " Sum
A B C Total A B C Total A B C Total

1 839 1161 876 2,876 1172 680 872 2,724 645 718 563 1926 7,526

2 522 746 597 1,865 662 798 479 1,939 380 461 438 1279 5,083
3 513 416 532 1461 546 584 394 1,524 279 338 284 901 3,886
4 454 421 545 1,420 426 462 393 1,281 332 224 258 814 3,515
5 433 353 455 1,241 422 301 371 1,094 335 203 286 824 3,159
6 465 422 466 1,353 349 265 271 885 281 230 260 771 3,009
7 424 430 425 1,279 417 302 401 1120 338 220 285 843 3,242

11,49 10,56
Sum 3,650 3,949 3,896 3 3,994 3,392 3,181 7 2,590 2,394 2374 7,358 29,420

USee Fig. 1 for the details of trap installation.
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Table 2. Total number of aphid species caught on each yellow sticky trap”, which

was installed vertically around the bed-bench of high bed system for strawberry

cultivation
Position in layer Position in column (Horizontal position)
(Vertical position) A B C
7 28 15 17
6 16 20 18
5 21 16 24
4 22 36 40
3 14 34 26
2 38 22 27
1 70 15 70

) See Fig. 1 for the details of trap installation.
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around the bed-bench of high bed system for strawberry cultivation

Table 3. Average ranking of each yellow sticky trap in the number of aphid species, (mean = SE) which was installed vertically

(t = 1.94, df = 6)

(t = 9.48, df = 6)

(t = 9.37, df = 6)

Data set 1 Data set 2
Trap position”
Column A Column B Column B Column C

4.0 £ 0.58 **2 7.4 + 191 ** 7.7 + 1.87 ** 7.1 + 1.18 **
(t = 4.58, df = 6) (t = 6.12, df = 6) (t = 6.66, df = 6) (t = 9.26, df = 6)

7.0 £ 1.29 ** 5.1 £ 0.70 ** 59 + 1.03 ** 6.4 + 148 **
(t = 8.20, df = 6) (t = 8.05, df = 6) (t =731, df = 6) (t = 6.14, df = 6)

5.9 + 0.80 ** 7.4 £ 1.29 ** 7.6 £ 1.41 ** 7.1 £ 1.22 **
(t = 945, df = 6) (t = 9.09, df = 6) (t = 8.57, df = 6) (t = 8.96, df = 6)

6.9 + 1.06 ** 3.1 +£ 0.86 NS 3.3 £ 0.81 NS 3.7 £ 1.36 NS
(t = 9.66, df = 6) (t =044, df = 6) (t = 0.94, df = 6) (t = 1.39, df = 6)

8.6 £ 0.95 ** 29 + 0.94 NS 3.0 £ 0.90 NS 5.9 + 0.88 **
(t = 15.56, df = 6) (t = -0.40, df = 6) (t = 0.00, df = 6) (t = 8.55, df = 6)

5.4 £ 1.00 ** 8.4 + 1.04 ** 9.4 + 1.25 ** 6.0 £ 1.27 **
(t = 645, df = 6) (t = 13.77, df = 6) (t = 13.60, df = 6) (t = 6.24, df = 6)

43 £ 1.76 NS 8.3 + 148 ** 8.7 £ 1.61 ** 3.1 £ 1.12 NS

(t = 0.34, df = 6)

' See Fig. 1 for the details of trap installation.
? A one-sample t-test was applied to test a null hypothesis that the average ranking is less than the 3™ ranking (one-tailed test). The
statistic for t-test was obtained as [(average ranking - 3)/Standard error]: Significantly more than 3 at P = 0.05 (*) and P = 0.01 (**),

and not significant (NS).
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Table 4. Total number of Sciarid species caught on each yellow sticky trap”, which

was installed vertically around the bed-bench of high bed system for strawberry

cultivation

Position in

Position in column (Horizontal position)

layer
(Vertical position) A B C
7 94 94 76
6 104 79 85
> 65 57 55
! 67 44 67
3 83 65 7
2 83 98 54
! 158 1073 171
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Table 5. Average ranking of each yellow sticky trap in the number of Sciarid species, (mean = SE) which was installed vertically

around the bed-bench of high bed system for strawberry cultivation

T ion? Data set 1 Data set 2
rap posttion Column A column B Column B column C
7 6.3 £ 1.51 **? 6.4 £ 1.53 ** 6.1 £ 1.44 ** 7.7 £ 1.32 **
(t = 5.77, df = 6) (t = 5.95 df = 6) (t = 5.78 df = 6) (t =9.43 df = 6)
6 7.1 £ 2.03 ** 7.1 £ 1.24 ** 6.3 £ 1.04 ** 6.4 £ 1.11 **
(t = 540, df = 6) (t = 8.82, df = 6) (t = 8.36, df = 6) (t = 8.17, df = 6)
5 7.6 £ 1.57 ** 9.3 £ 1.04 ** 9.0 £ 0.87 ** 8.7 £ 1.36 **
(t = 7.70, df = 6) (t = 15.99, df = 6) (t = 18.19, df = 6) (t = 11.13, df = 6)
4 7.3 £ 1.25 ** 11.0 £ 1.02 ** 10.0 £ 1.00 ** 8.6 £ 1.56 **
(t = 9.08, df = 6) (t = 20.68, df = 6) (t = 18.52, df = 6) (t =947, df = 6)
3 6.7 £ 0.94 ** 9.3 £ 1.19 ** 83 £ 1.15 ** 7.7 £ 1.19 **
(t = 10.41, df = 6) (t = 13.98, df = 6) (t = 12.17, df = 6) (t = 10.49, df = 6)
) 8.0 £ 0.90 ** 6.4 £ 141 ** 57 £ 1.15 ** 83 £ 1.86 **
(t = 14.70, df = 6) (t = 643, df = 6) (t = 6.25, df = 6) (t = 7.52, df = 6)
1 54 + 1.59 ** 1.0 NS? 1.0 NS? 5.0 £ 1.48 **

(t = 4.05, df = 6)

(t = 3.58, df = 6)

" See Fig. 1 for the details of trap installation.

2 A one-sample t-test was applied to test a null hypothesis that the average ranking is less than the 3™ ranking (one-tailed test). The
statistic for t-test was obtained as [(average ranking - 3)/Standard error]: Significantly more than 3 at P = 0.05 (*) and P = 0.01 (**),
and not significant (NS).

' All ranking was assigned to “17, thus regarded as NS.
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Table 6. Total number of Thrips species caught on each yellow sticky trap”, which

was installed vertically around the bed-bench of high bed system for strawberry

cultivation
Position in layer Position in column (Horizontal position)
(Vertical position) A B C
7 225 183 250
6 272 239 281
5 396 241 417
4 462 440 513
3 461 476 478
2 513 276 357
1 684 92 495
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Table 7. Average ranking of each yellow sticky trap in the number of Thrips species, (mean + SE) which was installed vertically around

the bed-bench of high bed system for strawberry cultivation

Data set 1 Data set 2
Trap position"
Column A Column B Column B Column C

7 10.0 £ 0.79 **? 11.9 + 0.34 ** 11.9 + 0.55 ** 9.6 + 0.90 **
(t = 16.81 df = 6) (t = 30.26 df = 6) (t = 20.58 df = 6) (t = 19.91 df = 6)

6 8.0 £ 0.79 ** 10.4 + 0.65 ** 10.0 £ 0.90 ** 9.7 £ 0.89 **
(t = 16.81 df = 6) (t = 23.14 df = 6) (t = 20.58 df = 6) (t = 19.91 df = 6)

5 6.9 + 0.91 ** 9.6 £ 0.75 ** 93 + (0.68 ** 4.9 £+ 0.51 **
(t = 1120 df = 6) (t = 5.95 df = 6) (t = 24.45 df = 6) (t = 9.66 df = 6)

4 4.1 £ 0.59 ** 5.0 £ 1.07 ** 4.1 £ 0.88 ** 43 £+ 1.13 **
(t = 5.08 df = 6) (t = 4.95 df = 6) (t = 3.42 df = 6) (t = 3.02 df = 6)

3 5.0 £ 0.82 ** 3.1 £ 0.91 NS 3.6 £ 1.11 NS 4.1 £ 0.74 **
(t = 6.48 df = 6) (t = 0.41 df = 6) (t = 1.36 df = 6) (t = 4.10 df = 6)

) 3.3 £ 0.84 NS 8.7 £ 1.29 ** 9.0 £ 1.23 ** 6.1 £ 0.91 **
(t = 0.90 df = 6) (t= 1176 df = 6) (t = 12.86 df = 6) (t =9.13 df = 6)

3.1 £ 1.18 NS 13.4 + 0.43 ** 13.1 £ 0.70 ** 2.6 £ 0.84 NS

(t = 0.32 df = 6)

(t = 64.38 df = 6)

(t = 38.08 df = 6)

(t = -1.35 df = 6)

" See Fig. 1 for the details of trap installation.
? A one-sample t-test was applied to test a null hypothesis that the average ranking is less than the 3" ranking (one-tailed test). The
statistic for t-test was obtained as [(average ranking - 3)/Standard error]: Significantly more than 3 at P = 0.05 (*) and P = 0.01 (**),

and not significant (NS).
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Table 8. Total number of white flies species caught on each yellow sticky trap”,

which was installed vertically around the bed-bench of high bed system for strawberry

cultivation
Position in layer Position in column (Horizontal position)
(Vertical position) A B C
7 14 8 7
6 8 9 12
5 19 10 18
4 23 21 26
3 33 36 21
2 36 17 38
1 56 10 49
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Table 9. Average ranking of each yellow sticky trap in the number of white fly species, (mean = SE) which was installed vertically

around the bed-bench of high bed system for strawberry cultivation

Data set 1 Data set 2
Trap position"
Column A Column B Column B Column C

row 7 7.8 £ 1.28 **1) 8.6 £ 1.72 ** 9.4 + 1.60 ** 10.0 £ 0.55 **

(t = 8.38 df = 4) (t = 7.28 df = 4) (t = 894 df = 4) (t = 28.58 df = 4)
row 6 10.2 + 0.73 ** 9.0 £ 1.55 ** 9.4 + 1.21 ** 7.2 £ 0.97 **

(t = 21.91 df = 4) (t = 8.66 df = 4) (t = 11.84 df = 4) (t = 9.69 df = 4)
row 5 6.8 £ 0.66 ** 8.8 £ 0.49 ** 8.6 £ 0.75 ** 5.4 £ (0.24 **

(t = 12.81 df = 4) (t = 26.47 df = 4) (t = 16.73 df = 4) (t = 21.91 df = 4)
row 4 54 £ 1.29 ** 6.0 £ 0.84 ** 6.2 £ 0.97 ** 4.0 £ 0.89 **

(t = 4.17 df = 4) (t = 8.02 df = 4) (t =738 df = 4) (t = 2.50 df = 4)
row 3 2.6 £ 0.24 NS 3.0 £ 1.00 NS 3.0 £ 0.71 NS 5.6 £ 2.16 **

(t = -3.65 df = 4) (t = 0.00 df = 4) (t = 0.00 df = 4) (t = 2.69 df = 4)
row 2 4.4 + 1.54 NS 7.6 £ 1.75 ** 6.8 £ 2.08 ** 3.0 £ 1.26 NS

(t = 2.04 df = 4) (t = 5.88 df = 4) (t = 4.08 df = 4) (t = 0.00 df = 4)
row 1 1.8 £ 0.80 NS 10.8 £ 1.74 ** 114 + 1.44 ** 3.6 £+ 1.33 NS

(t = -3.35 df = 4)

(t = 10.00 df = 4)

(t = 13.09 df = 4)

(t = 1.01 df = 4)

V' See Fig. 1 for the details of trap installation.

? A one-sample t-test was applied to test a null hypothesis that the average ranking is less than the 3" ranking (one-tailed test). The
statistic for t-test was obtained as [(average ranking - 3)/Standard error]: Significantly more than 3 at P = 0.05 (*) and P = 0.01 (**),

and not significant (NS).

_’]8_



2-5. ofufw] SR 0 HA 400 JHAZE 2P EJ o, EEH JHA T 59%<20 23670
A7y 3k ot A 2 ATE Zb7te]l £ 3 4= Table 107 2tk AY 2w
B,CE 195 Alelstar A 4k} wf=2] 9] 30cm 9k 60cm 91#Q1 203} 3t 9
204 =9 39 oJHE BlojuA @ker dAR 4 olstol A vt
Ak =9 AAH AH&E -3 H TA S Table 119 YERY 9l

Table 10. Total number of leaf hoppers species caught on each yellow sticky trap",

which was installed vertically around the bed-bench of high bed system for strawberry

cultivation
Position in layer Position in column (Horizontal position)
(Vertical position) A B C
7 11 7 7
6 10 14 12
5 14 18 17
4 20 14 20
3 27 60 29
2 18 49 17
1 19 9 8
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Table 11. Average ranking of each yellow sticky trap in the number of leaf hopper species, (mean + SE) which was installed vertically

around the bed-bench of high bed system for strawberry cultivation

Data set 1 Data set 2
Trap position"
Column A Column B Column B Column C

7 9.7 £ 333 **? 10.3 + 1.67 ** 10.0 £ 1.53 ** 10.0 £ 1.73 **
(t = 3.46 df = 2) (t =7.62 df = 2) (t = 7.94 df = 2) (t = 7.00 df = 2)

6 9.0 £ 2.00 ** 9.0 £ 1.00 ** 7.7 £ 0.67 ** 7.3 £ 2.03 **
(t = 5.20 df = 2) (t = 10.39 df = 2) (t = 12.12 df = 2) (t = 3.70 df = 2)

5 8.7 £ 1.67 ** 6.3 £ 0.67 ** 53 + 1.33 ** 10.7 £ 1.20 **
(t = 5.89 df = 2) (t = 8.66 df = 2) (t = 3.03 df = 2) (t = 11.05 df = 2)

4 4.7 £ 1.45 NS 7.3 £ 1.45 ** 6.3 + 0.67 ** 43 £+ 0.33 **
(t = 1.99 df = 2) (t =5.17 df = 2) (t = 8.66 df = 2) (t = 6.93 df = 2)

3 2.7 £ 033 NS 1.3 £ 0.33 NS 1.3 £ 0.33 NS 2.3 £ 0.33 NS
(t=-173 df = 2) (t = -8.66 df = 2) (t = -8.66 df = 2) (t = -3,46 df = 2)

) 7.0 £ 1.53 ** 2.7 £ 0.88 NS 2.7+ 0.88 NS 5.7 £ 2.03 NS
(t = 4.54 df = 2) (t = -0.65 df = 2) (t = -0.65 df = 2) (t =228 df = 2)

8.0 £ 3.21 NS 10.0 £ 2.52 ** 10.3 £ 2.73 ** 11.3 £ 2.19 **

(t = 2.69 df = 2)

(t = 4.82 df = 2)

(t = 4.65 df = 2)

(t = 6.60 df = 2)

' See Fig. 1 for the details of trap installation.

? A one-sample t-test was applied to test a null hypothesis that the average ranking is less than the 3" ranking (one-tailed test). The

statistic for t-test was obtained as [(average ranking - 3)/Standard error]: Significantly more than 3 at P = 0.05 (*) and P = 0.01 (**),

and not significant (NS).

_20_



3-1. HA AA - HAHo] HE ZZFELS QAR & AF A HAFdT}. A
A7.67270A 7 EEE PO T F 69.03%<] 531770A 7F 3¢k o] st A E 3

CH(Table 12). A o2 &7/ 7Fsgt +F 52 BE 20 33dsts sl=9 9
30cm? Ao A 3= ool E9lew, w2 ofgf H-o Pt 19 =
359 ool ST =9 24 AHEE -8 FAFES Table 130 HERL 2
o}

il

Table 12. Total number of natural enemies species caught on each yellow sticky
trap”, which was installed vertically around the bed-bench of high bed system for

strawberry cultivation

Position in layer Position in column (Horizontal position)

(Vertical position) A B C
7 224 133 235
6 153 122 183
5 182 113 168
4 130 144 174
3 233 301 166
2 435 645 366
1 1156 377 967
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Table 13. Average ranking of each yellow sticky trap in the number of natural enemies (Staphylinids, Lacewings, Aphidinae, Chalcidoids,

Cecidomyiids), (mean = SE) which was installed vertically around the bed-bench of high bed system for strawberry cultivation

T tion? Data set 1 Data set 2
rap posttion Column A Column B Column B Column C
6.9 + 1.08 **? 11.1 + 1.39 ** 11.1 + 1.35 ** 5.9 + 0.86 **
row 7 (t = 9.46 df = 6) (t = 15.53 df = 6) (t = 15.93 df = 6) (t = 8.82 df = 6)
8.1 + 0.94 ** 10.7 + 0.52 ** 104 + 0.69 ** 74 + 1.02 **
row 6 (t = 14.53 df = 6) (t = 39.13 df = 6) (t = 28.69 df = 6) (t = 11.48 df = 6)
9.0 + 0.69 ** 11.7 + 0.87 ** 12.0 + 0.76 ** 94 + 0.61 **
row 3 (t = 23.00 df = 6) (t = 26.65 df = 6) (t = 31.50 df = 6) (t = 27.81 df = 6)
11.3 + 0.61 ** 10.9 + 0.96 ** 10.7 + 121 ** 8.7 + 0.97 **
row 4 (t = 36.17 df = 6) (t = 21.61 df = 6) (t = 16.88 df = 6) (t = 15.60 df = 6)
5.7 + 0.64 ** 4.1 + 0.59 ** 44 + 0.90 ** 94 + 1.11 **
row 3 (t = 11.15 df = 6) (t = 5.08 df = 6) (t = 422 df = 6) (t = 15.33 df = 6)
row 2 3.9 + 0.80 ** 3.1 + 0.70 NS 2.7 + 0.57 NS 3.9 + 0.46 **
(t = 2.84 df = 6) (t = 0.54 df = 6) (t = -1.34 df = 6) (t = 4.94 df = 6)
row 1 3 5.6 + 0.81 ** 53 + 0.71 ** ]

(t = 8.38 df = 6)

(t = 8.47 df = 6)

Y See Fig. 1 for the details of trap installation.

? A one-sample t-test was applied to test a null hypothesis that the average ranking is less than the 3™ ranking (one-tailed test). The
statistic for t-test was obtained as [(average ranking - 3)/Standard error]: Significantly more than 3 at P = 0.05 (*) and P = 0.01 (**),
and not significant (NS).

' All ranking was assigned to “1”, thus regarded as NS.
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Table 14. Total number of Chalcidoids species caught on each yellow sticky trap”,

which was installed vertically around the bed-bench of high bed system for strawberry

cultivation
Position in layer Position in column (Horizontal position)
(Vertical position) A B C
7 152 64 132
6 105 70 121
5 119 63 106
4 84 85 135
3 156 196 126
2 363 542 306
1 915 249 709
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Table 15. Rank for trap catches (in descending order) of Chalcidoids for each location

of trap card placed around the strawberry bed

Data set 1 Data set 2
Trap position”
Column A Column B Column B Column C

7 7.0 £ 0.82 **? 12.6 £ 0.97 ** 12.4 + 1.11 ** 6.9 £ 0.67 **
(t = 12.96 df = 6) (t = 26.04 df = 6) (t = 22.48 df = 6) (t = 15.23 df = 6)

6 8.0 £ 1.07 ** 10.1 + 0.70 ** 10.3 £ 0.84 ** 7.6 £ 1.07 **
(t = 12.37 df = 6) (t = 26.82 df = 6) (t = 23.03 df = 6) (t = 11.35 df = 6)

5 8.7 £ 0.68 ** 11.7 £ 0.71 ** 11.6 £ 1.15 ** 9.3 + 0.84 **
(t = 22.23 df = 6) (t = 32.28 df = 6) (t = 19.69 df= 6) (t = 19.87 df = 6)

4 9.7 £ 1.02 ** 9.6 £ 0.81 ** 10.0 £ 0.95 ** 8.1 + 1.08 **
(t = 17.47 df = 6) (t = 21.40 df = 6) (t = 19.47 df = 6) (t = 12.62 df = 6)

3 5.7 £ 0.68 ** 4.6 £ 0.65 ** 47 £ 0.94 ** 8.7 £ 0.84 **
(t = 10.56 df = 6) (t = 6.40 df = 6) (t = 4.80 df = 6) (t = 18.06 df = 6)

) 39 + 1.22 NS 24 + 0.48 NS 2.1 £ 0.34 NS 3.1 £ 0.40 NS
(t = 1.85 df = 6) (t = -3.14df = 6) (t = -6.67 df = 6) (t = 0.94 df = 6)

1.3 £ 0.29 NS 5.6 £ 0.72 ** 53 + 0.36 ** 1.1 £ 0.14 NS

(t = -15.87 df = 6)

(t = 9.46 df = 6)

(t = 16.82 df = 6)

(t = -34.39 df = 6)

Y See Fig. 1 for the details of trap installation.
? A one-sample t-test was applied to test a null hypothesis that the average ranking is less than the 3™ ranking (one-tailed test). The
statistic for t-test was obtained as [(average ranking - 3)/Standard error]: Significantly more than 3 at P = 0.05 (*) and P = 0.01 (**),

and not significant (NS).
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Table 16. Total number of Aphidinaefor each location species caught on
each yellow sticky trap”, which was installed vertically around the bed-bench of

high bed system for strawberry cultivation

Position in Position in column (Horizontal position)
layer

(Verticalyposition) A B C
7 11 6 g
6 7 g s
5 15 13 7
4 14 23 "
3 31 21 1
2 42 57 36
1 159 90 216
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Table 17. Rank for trap catches (in descending order) of Aphidinaefor each location of trap card placed around the strawberry bed

Data set 1 23:32
Trap position”
Column A column B Column B column C

7 9.0 + 0.72 **? 8.6 + 1.04 ** 7.7 + 1.15 ** 7.6 £ 1.04 **
(t = 21.93 df = 6) (t = 14.13 df = 6) (t = 10.86 df = 6) (t = 11.59 df = 6)

6 8.7 £ 0.87 ** 9.7 £ 047 ** 8.6 £ 0.57 ** 8.3 + 0.42 **
(t = 17.48 df = 6) (t = 37.49 df = 6) (t = 25.80 df = 6) (t = 33.25 df = 6)

5 7.1 £ 1.12 ** 9.0 £ 1.27 ** 8.6 £ 1.15 ** 8.0 £ 1.15 **
(t = 9.77 df = 6) (t = 12.48 df = 6) (t = 12.80 df = 6) (t = 11.46 df = 6)

4 8.0 £ 1.00 ** 6.6 £ 1.29 ** 6.0 £ 1.05 ** 6.6 £ 1.36 **
(t = 13.23 df = 6) (t = 7.33 df = 6) (t = 7.58 df = 6) (t = 6.95 df = 6)

3 43 + 0.47 ** 5.9 + 0.88 ** 43 £ (.78 ** 6.4 + 0.84 **
(t = 7.18 df = 6) (t = 8.55df = 6) (t = 437 df = 6) (t = 10.78 df = 6)

) 4.6 £ 0.72 ** 47 £ 1.13 ** 3.6 £ 0.57 ** 5.6 £ 1.36 **
(t = 5.78 df = 6) (t = 4.02 df = 6) (t = 2.65 df = 6) (t = 5.00 df = 6)

1.6 £ 0.37 NS 2.1 £ 0.34 NS 2.0 £ 0.31 NS 1.1 £ 0.14 NS

(t = -10.25 df = 6)

(t = -6.67 df = 6)

(t = -8.57 df = 6)

(t = -34.39 df = 6)

' See Fig. 1 for the details of trap installation.
? A one-sample t-test was applied to test a null hypothesis that the average ranking is less than the 3" ranking (one-tailed test). The
statistic for t-test was obtained as [(average ranking - 3)/Standard error]: Significantly more than 3 at P = 0.05 (*) and P = 0.01 (**),

and not significant (NS).
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Table 18. The distribution of yellow sticky cards that are within the 3™ ranking in

each insect pests and natural enemies

Position in layer Position in column (Horizontal position)
(Vertical position) A B C
7
6
5
4 Ap Ap
3 W1, Lh Ap, Th, Wf, Lh Lh
2 Th, Wf, Lh WH,
Ch Ne, Ch Ch
1 Ap, Th, WI, Sc Ap, Th, Wf
Ne, Ch, As As Ne, Ch, As

Abbreviation for insect pests = Ap (Aphids), Sc (Sciarid), Th (Thrips), Wf (White
flies), and Lh (Leaf hoppers); and natural enemies = Ne (total), Ch (Chalcidoid spp.,
Chalcidoids), and As (A4phidius spp., Aphidinae).
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