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Study on the preference of Diaphorina citri Kuwayama to different colors

WU Lanhua, CHEN Renchen, HAN Ruochen, WEI Hongyi’, ZHENG Lixia’
(College of Agronomy, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, China)

Abstract: [Objective] Citrus is an important economic crop in China, and Diaphorina citri Kuwayama
(Hemiptera: Psyllidae) is a serious pest of citrus. It is also an important medium for spreading Huan-
glongbing the most devastating diseases on citrus production. In general, the areas where the Huan-
glongbing occur are also the distribution areas of D. citri. Currently, the control of D. citri relies largely
on chemical insecticides. Intensive chemical control can induce many side effects, such as toxicity to
non-target organisms including human beings, development of insecticide resistance, and insecticide res-
idues on agricultural products and in the environment. To minimize such effects, alternative control
strategies are required. One of the alternatives is to use color sticky traps. This method can be used in
population monitoring, which can reduce the population density of pest. The purpose of the present
study is to investigate the preference of D. citri to different colors. [Methods] In this study, the evaluat-
ed colors on the basis of the RGB color mode were set as red (255, 0, 0), orange (255, 128, 0), yellow
(255, 255, 0), chartreuse (128, 255, 0), lime (0, 255, 0), cyan (0, 255, 255) and blue (0, 0, 255). The self-
made cuboid and octahedral devices were used to study the preference of D. citri to different colors.
The indoor monochrome selection test of D. citri was tested with the cuboid device. The test was con-
ducted in an indoor dark room at a temperature of (27.0+2.0) ‘C and a relative humidity of 60.0%-
70.0%. Illumination was provided by hanging a white fluorescent light (20 W), 0.5 m above the cuboid
device. The papers of the tested colors and the white (control) were stuck on the ends, respectively. For
each bioassay, D. citri was individually introduced into the cuboid device from the middle part. The in-

sect that felled on one of the tested paper was recorded after it remained for staying at least 60 s. After
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five insects had been tested, the cuboid device was rotated 180° to randomize any positional effects. Six-
ty female and male D. citri adults were tested for each color, and each insect was used only once. In ad-
dition, the indoor multi-color selection test of D. citri was tested with the octahedral device. For each
bioassay, thirty female and male D. citri adults were introduced into the octahedral device for 50 repli-
cates respectively. After 10 min, the numbers of the insects that felled on each color paper were record-
ed. The indoor conditions and operation of the octahedral devices were described as above for those of
the indoor monochrome selection test. [Results] There were significant differences in the preference of
the female and male adults to seven colors. Yellow color exhibited the strongest attraction to D. citri
and followed by chartreuse. In the indoor monochrome selection test, females and males of D. citri
were sensitive to the colors. Females and males were significantly attracted to yellow (female: y’=
32.267, p < 0.01; male: ¥’=15.000, p < 0.01), chartreuse (female: ¥’=11.267, p < 0.01; male: y’=
4.267, p < 0.05), and lime (female: x*=9.600, p < 0.01; male: *=8.067, p << 0.01). However, red col-
or showed a significantly weak attraction to D. citri females (x’=5.400, p << 0.05) and males (x’=
17.067, p < 0.01). In the indoor multi-color selection test, there were also significant differences in the
selective rate of adult D. citri females and males to seven colors. Females and males were also signifi-
cantly attracted to yellow and chartreuse, followed by orange color. The sequence of their selection re-
sponse rates to the seven colors were: yellow > chartreuse > orange > white > lime > red > cy-
an > blue. Red, cyan and blue colors exhibited the significantly negative attraction to D. citri females
and males. According to the Dan Bruton’s color-to-wavelength conversion relationship, the relationship
between the selection rate and the virtual wavelength of D. citri was analyzed. The preference of D.
citri was mainly concentrated at 510-617 nm, and the male and female adults had a consistent selection
trend to the virtual wavelength with the highest point between 540-580 nm. [Conclusion] Diaphorina
citri was sensitive to the colors, especially the yellow (580 nm) and chartreuse (540 nm). In the integrat-
ed pest management (IPM) programs, yellow and chartreuse can be exploited as the color of sticky traps
to monitor and manage the population of D. citri. The RGB color model was used to study the visual
preference of D. citri, which provided a new idea for the accurate screening of effective color-sticky
traps against D. citri. The research on the preference of D. citri is mainly carried out in the indoor envi-
ronment. Under the outdoor natural conditions, the selection of D. citri may be interfered by the host, il-
lumination and climatic conditions. Therefore, the results need to be further verified in the field.
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Fig. 1 Cuboid and regular octahedral devices for

Diaphorina citri response to different colors
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Fig. 2 Selective rate of female Diaphorina citri to different colors
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Fig. 3 Selective rate of male Diaphorina citri to different colors

FHABZI @, OO O A0, B2 E T4,
AN R SR I DR Ol R S 1B NSy L k83 I
FAR T A A (B 2) o e B TR f B A
R, YO 6, HiEBR R Ea T a6 &
B0 A (0 S ORI €0 4 BRI s X (1 B RISk £

0, S W S CURT R (0 (1) IR 80 S B R 2 S AN W 25 (13D
IRPEA R B B LR, i T
MR BV IR B 5 B B8 R, 13 AT AR
) P T B P AE 510~617 nm, HLME L Rl ot
LA R IR R A — B, B AR b T 540~580

MIEFEERARE (HEZSTAAESLOME  m(E4.
AR W
12 r —e— Mfidt Female  Chartreuse  Yellow
10 + —a— ffEH Male
N
¥ 2 8¢t
2 8
X 2 6 r
¥ 5 FARE:)
H LS 4oy Red
@ 2 L Blue
0

425 450 475 500 525 550 575 600 625 650 675 700 725

R

Wavelength/nm

4 HBARANFEHERIERREESEMRIKHXR

Fig. 4 Relationship between Selective rate of Diaphorina citri and color wavelength

3% i

B E @ 2 R itk — MR, G
I vE R kv 2 4y, 78 B B RTK 32 B (Zophobas
atratus) PG RIE T IX — LR, 2 FH R RGB
P e 17 FhEe, = N B 0 8 A 2
I35 SN, W15 DA H A AR A SR P € PR A 155
oo EEMESOHEE D ERIMEAR, X5
Sétamou 55" I T A A — B, IR N 4
FERT RN, MR AR BN S v U BURK T 22 18 e 8 45 SR
FEANB R, T R R € R BB ) M A A L 22 Bk 4%
Téﬁf@ﬂlﬁfﬁb@nv?ﬁ(/%ﬁéﬁﬁ”&'gl$fﬁﬁ?ﬁl@o
WA ] R R NEA B2 2 MEE T A SR .

BT B 5 AEH 8] C A )2 N T B 4k
o [F) FE R I 5] B He, O 7E JIC S L S5 PN B 7 e
(Liriomyza stativae) it % K1 B\ ( Trialeurodes vapo-
B H bl aE ™, PR, AT M A R L
TR A2 S B v I ] DAL o €0 B ¢ (o Rt AR 1
NS

AN[F RGB B0} 825 AN [ (1 AU A, 28R
# Dan Bruton ] i 100 % K 5 RGB {H. B 5 i) % 4 5%
B85 A HUAAR A EUGS HE A0 A F) i 1V P A A
510~617 nm, £ K 2 Hok £ 1 B dOehX — i ) R
A S SR EY o 4N, JISE 856 540 nm R RE DL
A P B iR, B - FRX 580 nm 4 R U0 A< A
T 1 g R fH A L B OS2 A AR K B R

. Vv
rariorum) %5



1514 FS )

i $35%

ma %o} i AU K S G T E S . A AR UV-
B (A<315 nm) X &0 Ly H A 3% Z1 5] 75 4E FRY, i &
J6 L ZEEATUV (350 nm) X H i 1) 51 75 1 FH .55 B
ARAR GG e FH )0 £ 5 JHL X 7 4D e UL K 3
B AR FURE R B PR M A K e R SR P, I
7 R 4 RGB {E 401 35 €2 R 35 5% €6 40 XoF 7 ) i 40
WK BRibz A, v L] kS R R KA X B R KT
6, AT 58 4 T At AR A A BV AL AT T 30

4 # B

A A B %

29
B,

J R, TG H S 7 (5 (580
nm) F1 3 25 (4 (540 nm) B A 2 3E 1 IE &, X4t
P 2 . 18 H RGB 8 R 5 U 70 A A7 A 1L
P 1 A7 VO 5 DR s VR 75 126 A 208 ) € R R AR BT v
FAG A BV AL 7B B . 2838 XM AR AR S (e
(R 9T 3 AR = W IR B TR AT, T AE = A0 3 SR %A

A AR B B £ A X OGRS AT
RT3 AL, iZR I 45 RIS 15 H RN E— P IRIE .

SEZ L References:

[1] R, B, W, SR AR E R LB R HT 7t

JE[T). A R 5 2009,25(2): 160-164.
ZHANG Yuping, LI Dunsong, HUANG Shaohua, ZHANG Bao-
xin. Research progress in biological control of Diaphorina citri
[J]. Chinese Journal of Biological Control, 2009, 25 (2): 160-
164.

[2] HALBERT S E, NUNEZ C A. Distribution of the Asian citrus
psyllid, Diaphorina citri Kuwayama (Rhynchota: Psyllidae) in
the Caribbean basin[J]. Florida Entomologist,2004,87(3): 401-
402.

[3] AURAMBOUTJ P, FINLAY K J,LUCK J,BEATTIE GA C. A
concept model to estimate the potential distribution of the Asiat-
ic citrus psyllid (Diaphorina citri Kuwayama) in Australia un-
der climate change—A means for assessing biosecurity risk[J].
Ecological Modelling,2009,220(19): 2512-2524.

[4] KOHNO K, TAKAHASHI K, KONISHI K, NAKATA T. Occur-
rence of the Asian citrus psylla and its parasitic natural enemies
in the Ryukyu Archipelago, Japan[J]. Acta Horticulturae, 2002,
575:503-508.

[5] HALLD G,GOTTWALD T R,NGUYEN N C, ICHINOSE K,
LE Q D, BEATTIE G A C, STOVER E. Greenhouse investiga-
tions on the effect of guava on infestations of Asian citrus psyl-
lid in grapefruit[J]. Proceedings of the Annual Meeting of the
Florida State Horticultural Society,2008,121: 104-109.

(6]  VERVE, BhHURL, BIET, G . ARG SR S Sl S
BRI E )], WITLARML 24,2014, 26(4): 994-998.

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

WANG Enguo, ZHONG Liequan, MING Ke, FENG Yifu. Re-
search on movement rule and early warning model of citrus
huanglongbing[J]. Acta Agriculturac Zhejiangensis, 2014, 26
(4):994-998.

S, BT AR SR BRI K SR
RN AR ,2007,19(9): 69-71.

WU Rujian, KE Chong. Experiment and comprehensive control

VRS H[I]. YL VE

measures of citrus yellow shoot[J]. Acta Agriculturae Jiangxi,
2007,19(9): 69-71.

GRACA J V. Citrus greening disease[J]. Annual Review of Phy-
topathology, 1991,29(1): 109-136.

WREL 55, 28 0 BE ARG 38 8 BT SR 00 (0], A M ) 22
2015,56(7): 1048-1050.

CHEN Kainan, LI Chongbi. Research on citrus Huanglongbing
disease[J]. Journal of Zhejiang Agricultural Sciences, 2015, 56
(7): 1048-1050.

HALBERT S, MANJUNATH K. Asian citrus psyllid (Sternor-
ryncha: Psyllidae) and greening disease of citrus: a literature re-
view and assessment of risk in Florida[J]. Florida Entomol,
2004,87(3): 330-353.

FLEESL, B R, P VIR IKRKE, IR 5
Tl 24 70 0] 6 £ 5 P 25 0 05 B v ORI TS, T AR AR
AH45%,2012,39(20): 70-72.

KONG Xiangyi, XIAO Chunlei, LIU Yong, LUO Feng, XU
Ruyi, ZHANG Youjun, WANG Shuang, LI Jinsong. Toxicity
and effectiveness of 5 pesticides against thrips on cowpea[J].
Guangdong Agricultural Sciences,2012,39(20): 70-72.

PARK J J,KIM J K, PARK H,CHO K. Development of time-ef-
ficient method for estimating aphids density using yellow sticky
traps in cucumber greenhouses[J]. Journal of Asia-Pacific Ento-
mology,2001,4(2): 143-148.

ATAKAN E, CANHILAL R. Evaluation of yellow sticky traps
at various heights for monitoring cotton insect pests[J]. Journal
of Agricultural & Urban Entomology,2004,21(1): 15-24.
ROBACKER D C, HEATH R R. Easy-to-handle sticky trap for
fruit flies (Diptera: Tephritidae)[J]. Florida Entomologist, 2001,
84(2):302-304.

SANDERSON J P, PARRELLA M P, TRUMBLE J T. Monitor-
ing insecticide resistance in Liriomyza trifolii (Diptera: Agromy-
zidae) with yellow sticky cards[J]. Journal of Economic Ento-
mology,1989,82(4): 1011-1018.

Bog e, BULYE, X, R IERR, X 6 55, T eH,
. PHAEE] Tl HULE T I3 AN [R50 € ) SR (D). 22 Rk R}
%%,2009,37(2): 689-691.

DUAN Dengxiao, LI Jiangtao, DENG Jianhua, LI Zhengyue,
LIU Zhongshan, LIU Guoqin, DING Yuanming, XIAO Chun.
Response of Frankliniella occidentalis adults to different colors
in field[J]. Journal of Anhui Agricultural Sciences,2009,37(2):
689-691.

SETAMOU M, SANCHEZ A, SALDANA R R, PATT J M,



12 3

REEAE A ¢ AT AR OO A RS B R P BT AT

1515

[18]

[19]

[20]

[21]

[22]

[23]

SUMMY R. Visual responses of adult Asian citrus psyllid (He-
miptera: Liviidae) to colored sticky traps on citrus trees[J]. Jour-
nal of Insect Behavior,2014,27(4): 540-553.

HALL D G, SETAMOU M, LII R F M. A comparison of sticky
traps for monitoring Asian citrus psyllid (Diaphorina citri Ku-
wayama)[J]. Crop Protection,2010,29(11): 1341-1346.

B R, SR TSR R FL A R AR B A 1 (S0
[J]. B H2E4%,2013,56(2): 161-166.

XUE Huangwa, WU Weijian. Preferences of Bactrocera cucurbi-
tae (Diptera: Tephritidae) to different colors: a quantitative in-
vestigation using virtual wavelength[J]. Acta Entomologica Sini-
ca,2013,56(2): 161-166.

FERE BT, IR, SR RO S B B AT
NS U AR 2011,40(3): 33-35.

WANG Yujie, ZHAO Dongxiang, PENG Zhenggiang, GAO Jing-
lin. Behavioral responses of Tessaratoma papillosa (Drury) to
light and colors[J]. South China Fruits,2011,40(3): 33-35.
B, INSCE NG URKAS, B TR 6 R R A
S T[] T E A 28R, 2012,28(36): 255-258.
XIA Bo, SUN Yishou, SUN Xiao, LIU Qiujie, WANG Baoqing.
Study on the difference of Amata emma’ s preference to cloth in
six different colors[J]. Chinese Agricultural Science Bulletin,
2012,28(36): 255-258.

Mtz Boe B, RIS FFUUE . MR R R AN
B HIEFEAT N[I]. B (E M2, 2014, 35(5): 962-966.
CHEN Junyu, MA Guangchang, CHEN Taiyun, FU Yueguan.
Preferences of brontispa longissima to different virtual wave-
lengths colors[J]. Chinese Journal of Tropical Crops, 2014, 35
(5):962-966.

FERAE, B, R, BN, AL DR, 2 EORE
AR AN R € B A R[], A PR, 2015, 41
(6): 169-172.

TANG Liangde, HAN Yun, WU Jianhui, LI Peng, FU Buli, QIU
Haiyan, LIU Kui. Preferences of megalurothrips usitatus (Thy-

sanoptera: Thripidae) to different colors and light-waves in lab

[24]

[25]

[26]

[27]

(28]

[29]

[J]. Plant Protection,2015,41(6): 169-172.

7K . RGB 506 R R MMWEFE[T]. B Lol oR 2224 (H AR
R4 ,2011,28(3): 295-299.

ZHANG Hui. Study on relationship between RGB and optical
wavelength[J]. Journal of Anhui University of Technology (Natu-
ral Science),2011,28(3): 295-299.

H/NEG E IR AR, BRORTR 22850 A i X AN
F AR BRI B0 AN R K B ERl A ek [, ARl 24,
2011,20(9): 190-193.

HU Xiaomin, WANG Yunhu, LIN Xinghua, CHEN Taichun, AN
Derong, LEI Zhongren. Preference of aphids to different color
sticky cards and different wavelengths of yellow sticky boards
[J]. Acta Agriculturae Boreali-Occidentalis Sinica, 2011,20(9):
190-193.

TH/DIE . KZE B Zophobas morio WM I HLxk VR R] %
fifAE FEOWEFE[D]. B4 - AR MR %2, 2010.

MIAO Shaojuan. Study on biological characteristics of Zopho-
bas morio and its function on plastic degradation[D]. Yangling:
Northwest A & F University,2010.

e H T, BT VEBEG . R FRE HARON 5 I B 7 i A =

B G ORI L], PR AE R, 2007, 16(2): 237-240.
JIANG Yueli, WEI Yongping , WANG Xiaoguang. Effect of trap-
ing Liriomyza stativae Blanchard and Trialeurodes vaporario-
rum by series of sticky coloured cards[J]. Acta Agriculturae Bo-
reali-occidentalis Sinica,2007,16(2): 237-240.

MAZZA C A, IAZGUIRRE M M, CURIALE J, BALLARE C
L. A look into the invisible: ultraviolet-B sensitivity in an insect
(Caliothrips phaseoli) revealed through a behavioural action
spectrum[J]. Proceedings Biological Sciences, 2010, 277
(1680): 367-373.

YAMAGUCHI S, DESPLAN C, HEISENBERG M. Contribu-
tion of photoreceptor subtypes to spectral wavelength preference
in Drosophila[J]. Proceedings of the National Academy of Sci-
ences of the United States of America, 2011, 107 (4): 5634-
5639.



