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Abstract [Objectives] Simultaneous color contrast is a phenomenon which describes how the visual perception of a
colored target can be affected by the other colors or patterns. The study of simultaneous color contrast in insects has stronger
ecological relevance than studies using plain colored targets or mono-wavelength light as test stimuli, and will contribute to

the optimization of colored boards for trapping insect pests. [Methods] Laboratory bioassays and field trapping experiments
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were used to investigate simultaneous color contrast in alate Myzus persicae by recording if these were attracted to, or repelled
by, combinations of different colors. [Results] The interaction between background and target color was extremely
significant. Among the 64 patterns prepared using eight saturated colors, the most preferred were saturated yellow (R=G=255,
B=0) and saturated green (R=B=0, G=255). The addition of any spots of another color on a yellow or green background
significantly reduced their attractiveness relative to background color alone, even when the composite patterns combined
yellow and green. Moreover, the most repellent pattern was a red background with black spots, which is similar to the pattern
on the elytra of common lady beetles. A series of paired tests confirmed that this repellence was a true simultaneous color
contrast effect. The pattern of a black background with red spots was also significantly repellent (black background + red spot
vs plain red: to= 13.18, P <0.000 1; black background + red spot vs. plain black: ty=2.14, P = 0.061 3), but less so than the
pattern resembling lady beetle elytra (ty=3.97, P = 0.003 3). The optimal parameters (background redness=192, spot gamma
value = 0, spot diameter < 2 mm) of the repellent pattern were determined using an orthogonal design experiment. The results
of a field trapping experiment demonstrated that the simultaneous color contrast effect of a red background and black spots
was significant when the patterns were added to a less attractive green board, but not so when the patterns were added to a
highly attractive yellow board. [Conclusion] The color preferences of alate M. persicae are affected by simultaneous color
contrasts. The most attractive color was plain, solid yellow, followed by plain, solid green. Composite patterns of these two

colors were significantly less attractive than the corresponding plain colors. The most repellant color pattern resembled the

pattern on the elytra of common lady beetles. However, results of a field bioassay indicates that alates are only repelled by this

pattern when it is on a green background.
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Fig. 1 Spectral reflectance curves of eight saturated colors used for preparing test patterns
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RIBEKE=75, RBKEEA=2 mm) 7E 9 M IEASHE
T & TR MR ()11 S B e B/ N o 2543
Brol i, EARd A 40 G B/ IVREE )

*1 BE=4E. ERERBEREENGERY FREEHAZ M
Tablel Effectsof background R value, spot gamma value, and spot diameter on
mean response indices of Myzus persicae

R asy HRLLE I8 3XE I &

Test no. Background red value  Spot gamma value
1 100 0
2 100 75
3 100 150
4 200 0
5 200 75
6 200 150
7 255 0
8 255 75
9 255 150
T, 0.969 3 0.735 6
T, 0.6412 0.824 8
T 1.018 5 1.068 7

. # Range 0.3773 0.333 1

25 BABEEAE (mm) 2 R HE R
Blank  Spot diameter (mm) Mean response indices
1 2 0.236 3
2 4 0.3301
3 6 0.402 9
2 6 0.2311
3 2 0.143 5
1 4 0.266 7
3 4 0.268 2
1 6 0.3512
2 2 0.3992
0.854 2 0.779 0
0.960 4 0.8650
0.814 5 0.9851
0.1458 0.206 2
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R AL EE=200, FBEKE=0, B &8EA=
2.0 mm, TEBE KB RIN, 2 & B 13500
WBEF by e T2 (ZEh 0.377 3) >[RIBE KB
(B2E4 0333 1)>RIBEE AR (2R 0.2062 ),
H¥RFAEASGHRMAKZE (0.1458) o RH—
PR LR AR RN IE A8 BT 25 b AT 1 2907, 45
BEM, TR (Frp=19.65, P<0.0001) .
B BEIKE (Frg3=13.89, P<0.000 1) FI[EBHEEH 1%
(F253=5.01, P=0.008 8) X4 #BkIFH)F1 )
IVE R eSE SR E R Al

3 BRI RN A AT T 3 s i A Rl 3K
NULE 5. M S il LA, A Bk
I FE BRI BE B | R B A% =2 (] 35 2 4 Pk e 1
KR, MSTTHLE S A LR E R, BTk
BARbR /N, e SR “R=G=B=0"
WERAEE, FIBEEARL 2.0 mm EH/NYLH A E
ZEABVF P AR B SR AR R SR o A kI -1
SRS LR IR TN y=0.000 07x—
0.022 9x+2.606, Hit 15 5L I LE N 192,
PRI, e Esm Ikt f i E Rl & R B

=192, RBEKE=0, HHKEHA<2 mm,

24 KRBT FEERER &4 bR h 38
ESORSFl L oE LR {ibEA

T A F S 24775 Hl o ) B DR 2R 22 AT
R, A AR E 0 ERE A e
75 (Fg707=4.46, P=0.0002) . M 6 L&
FEESRT LAt BRI 20l S0 B3 1 2 (Rt e Al
AE A R i 22, R Rl AR R 1175
T AT o 22 5 o Al Rl S0 RG EAR
iR 2 RO B, Hh R AR i
TR IE 2 T A ORI . 75 DASk i R K%
A0, aligk ki i ERZ, BHnZEE
B KR Z )G, FHE DS T, Bafisga
LA e, Tl dE (o g Sl (00Rk BOAR A 375 Hf ot
FHEL I W 4, RN R gl SR — 3k, 4k
JEEIBE”  “SRICEBET A “LRIRLLEE” XA Ak
Iof A RO B 22 5 (H Xl R
RUL “SRREIBE /b, WiRETE ARGk
AR B S e [EIR iR 2 S T [ PO N R A
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Fig.5 Main effect plot of mean response index of alate Myzus persicae by
background R value (A), spot gamma value (B), and spot diameter (C)

BEANR BB LB, b AN P RER R IR B B AR K P51 3 0 A S ek
RN AREOR A W2 S (P>0.05, SNK 2T AL ),
In the comparison of the different levels of each factor, means with the same lowercase letters

indicate no significant difference in the mean response indices of alate M. persicae at 0.05
level by Student-Newman-Keuls multiple range test.
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Fig. 6 Multiplerangetest of fields catches of alate
Myzus persicae to different patterns

FE EARA A RN FRER AT SR A4 2 754
B A W2 SR (P>0.05, SNK ZH KD ),
Y: 4Bt

Ybt+Lp: #EOEFHHUREMES; G: Q%iéffii
Gb+Lp: ZRAFR+HIRBIIEZ; Gb+Bs: LR

RO ; Gb+Rs: LZREHFHLIEOHEA; GbtYs:

EESUNCBEa g RN
Histograms with the same lowercase letters indicate no
significant difference in alate M. persicae catches at 0.05
level by Student-Newman-Keuls multiple range test. Y:
Plain yellow; Yb+Lp: Yellow background+ladybeetle
pattern; G: Plain green; Gb+Lp: Green
background+ladybeetle pattern; Gb+Bs: Green

background+black spot; Gb+Rs: Green background+red
spot; Gb+Ys: Green background+yellow spot.

3 #HitHitit

H AT, 35 HOu Al @ B 58 1 SO 2 4 R b
if, ARG AR BAESY | AT RS S B AN A
( Hodgson and Elbakhiet, 1985; Kirchner et al.,
2005 ; Déring and Chittka, 2007; {7 E 7545, 2009,
2010 ), FRT, A7 UL HUARLGE [ I X6 o &40 AR
Ak XoF He ORI A5 B, ASR k= ( Costello,
1995; Déring et al., 2004 ), XEHFFE—ME K
I HRS R (0 S FEAR Y SN, 2352 B X 46
FEARIBCE BB SR, [R]HE & I T R
FUAK , WA 7R Ge bR BT 22 0 68 2 ] (1) 40 B
ERL.

ARHFFE B UIESE , BV R TN H Al b 2s
(AT R IE , AFAE 3 B[R] B X LAy A4
I AEF Xt A [i) 153 BRE [ 371 1 47 by 1o 486 I g %) L A
R EHT R, T 5 B 5 B 2 A7 A
A& H AN, W7 25 AT AR A 0[] B Xof LU 3350 1)
FETE . HE—20 o0 R, A BRT B AW s i) B 2
JENRURIEE fe i A LSRG, 2 FPELES | G s
e e Ao E A 2 € ) [RIBRE, 389 253 i 15 0 i 3
B o A BRIR) S, R SO A5 1 4 % ) A - S5 A
I 2 PP (ST S AR, & ATy 5
SREBBE ), XA 515E ) B 5 T A
N ST 5o SR, XIS ERE B AR
PMEAT 7 =R A %G B (0 5135 S ¥ 2 T R,
R AEZATACIN T 8 i A2 (2 4 Bl ) 15
BEAR B4 51 PR 2 14 R Rk FE R, Hofthir 2 R % 4n
WA SRS BGARRIE R IR A )
Gh, AT MSk @ A1) — e alifb E %, [
A NI RES 15 1 b4l ¥ (0 A alig (o B 58, AN IRAZH
AR ST & B, A Ak X 538.9 nm 1 549.9 nm
e m B (e s (PR, 2009), 5
Xt CMYK iUy b AT TIEse itk 2R

FE F R RS EC C=25% . M=25% .
Y=100%} K=0, 455k 5 B —Fh4\ T 85 (0 Flisg

R (FFETESE, 2010 ), XEELER
AR, R AR R B A 357 L A5 B 2 K I 3
B, o ARG OR 22 AN I S B, S3 Ak,
N T HERF ORI AR BN L 3 b A 1
T ' B 0,242 A 1) G b D € B i 38 BE Al A
B

A SCUESE , N AT R 2ok A [ 5 €8 20 6 1 B8 3
WS I GRS m A i 5 155 0, (R X HE A&
J5 AT DA i 2 1 s LK GRE ) 7E 8 iR AN
LAY 64 FhtIXEIZE D, SKGE ) SRR A 4L
TR ORIBOE R EIZE, FE LR
(RSB ARML o SR T, S i ) SRR A T 2R
FEASTEAT B BT Xk 21 €0 11 B 0 55 B8 S 3 S
L 18 T L AE A0 o PR BRI & T UV-G-B A0 2R 458
3 IR A 100 DG o 7 5 8 R W BB i
320-330. 440-480 Fi1 530 nm ( Kirchner et al.,
2005) , NFAELLGESZ 45 ( Doring et al., 2004 ),
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b S ORGBEVE T, VSR A AL S R 1 PR
FH LK 14055 o X Segh iR, (RN H AL
/N SBREE | RBIEZR A R I 1 S I g
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AT RESEIG B PR A BE SR o B 25 A Ak I 5 3 Fof
PR 8 1 i ] A9 E G (AR SR R I 3k e ) 2
5 min) , 2] RES PRILBEIE W T 7E AR D
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S R o 3 IR A 6 T R A 221 H AR
SRR, RIRAT AT S R 0 5 B4 T v
(4 T B X6 B3RO 2% & A A 5 75 T A X A 55 1) %
ORI L, AN 2 R AEAE T 175 1A X 5 1 B
R EAR L,  7 45 RV AR B (0,22 S 3 K I AN )
R 223 1 A A ot 4ol £ S e 052 TR
BIRE AT B2 S 4 K o AR T OB X S 2SN
B R E T IR PE A R (U
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SEAEERE
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TE 2 PR A HRD DL R 0 PR S AR, A
A S NS B PRSI o A4 25tk fk
HRE NS 5 | I HURE B [ sk ) R 28 7 AR A= 3%
RIS, #RTE ZENAE S RS LA A REfS
BB R R, BN, 2,4,6- = KLk IE 28
5t Coleomegilla maculata Bkt 4% A M2
Bk, REMSI % H FERF Melanaphis sacchari 55 51 [1]
i S I, AR A P 1) 2 A A 2 R SR IR ik

P B H I i 21 K B Solenopsis invicta ( Zhou
etal., 2021) . SCETIREIAH M AN, JToHBETRE
FE 38 o R 3 17 2 AL A 38 o L 15 8 TR f 3
1 Propylaea japonica it ( 2= 445, 2010)
S H R P 22 ) AR AR T RE VT BRSO
EEAFRERE (FERHEMEES) WERG R
( Marples et al., 1994; Svadova etal., 2009 ) ,
TP T 22 1% 8, TR 5 I R P A A e
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